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12.0 INTRODUCTION

The United States Environmental Protection Agency
(USEPA) requires that all environmental monitoring and measurements
efforts mandated or supported by USEPA participate in a centrally managed
quality assurance (QA) program.

Any party generating data under this program has the
responsibility to implement minimum procedures to assure that the
precision, accuracy, completeness and representativeness of its data are
known and documented. To ensure the responsibility is met uniformly, each
party must prepare a written QA Project Plan (QAPP) covering each project it
is to perform.

This QAPP presents the organization, objectives,
functional activities and specific QA and Quality Control (QC) activities
associated with the long term operation, maintenance and monitoring of the
Summit National Superfund Site (Site) in Deerfield Township of Portage
County, Ohio. This QAPP also describes the specific protocols which will be
followed for sampling, sample handling and storage, chain-of-custody and
laboratory and field analysis.

All QA/QC procedures will be in accordance with
applicable professional technical standards, USEPA requirements,
government regulations and guidelines and specific project goals and
requirements. This QAPP has been prepared by Conestoga-Rovers &
Associates (CRA) in accordance with all USEPA QAPP guidance documents in
particular, Interim Guidelines and Specifications for Preparing Quality
Assurance Project Plans (QAMS-005/80), and the Region V Model QAPP
(1991).
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12.1 PROTECT DESCRIPTION

This QAPP has been developed for and is part of the long
term Operation, Maintenance and Monitoring Plan (O&M Plan) for the Site.
The project description is presented in Sections 1.0 and 2.0 of the O&M Plan.

The O&M Plan has been prepared pursuant to the
requirements of the document "Statement of Work and Appendices to
Statement of Work", Summit National Superfund Site, Deerfield Township
of Portage County, Ohio printed on December 14,1989 (Statement of Work).

The final effluent monitoring requirements presented in
the QAPP have been prepared pursuant to the Substantive Permit for the
Summit National Treatment Plant issued by the Ohio Environmental
Protection Agency (OEPA) May 18,1994 and discussions with OEPA and
USEPA on May 19,1994.

12.1.1 .Site Background

A detailed Site background is presented in Section 1.0 of
the O&M Plan.

12.1.2 Sampling Network and Rationale

The sampling network and rationale specified by the SOW
is presented in Section 8.1 of the O&M Plan.

237205)



Summit National
O&M Plan QAPP
Section No.: 12.1
Revision No.: 2
Date: June 3,1994
Page: 2 of 5

12.1.3 Project Objectives and Scope

The purpose of the O&M Plan is to provide operation,
maintenance and monitoring guidelines for the Site during the period from
completion of the remedial construction activities to termination of
groundwater extraction, treatment and monitoring at the Site. This QAPP
has been prepared in support of the O&M Plan to provide QA/QC procedures
and requirements for the Consent Decree monitoring requirements specified
in Section 8.1 of the O&M Plan to be performed during the long term
operation, maintenance and monitoring of the Site. Specific objectives of the
data collection activities include:

i) the annual collection and analysis of one surface water and sediment
sample at the confluence of the south and east drainage ditches;

ii) the demonstration of hydraulic containment of Site-related
contaminated groundwater in the Water Table Unit (WTU) and the
Intermediate Unit (IU) by measurement and analysis of groundwater
levels;

iii) the demonstration of reduction of the concentrations of Site-related
contaminants in groundwater within the WTU and the IU to
concentrations specified by the cleanup standards which are based on
an individual 10*6 increased lifetime cancer risk for invididual
compounds and a comulative non-carcinogence Hazard Index (HI) less
than 1 or background, whichever occurs first by analysis of
groundwater samples;

iv) the demonstration that the hydraulic and water quality
characterization in groundwater within the Upper Sharon Unit (USU)
is not significantly impacted by the Site by measurement and analysis
of groundwater levels and by analysis of groundwater samples;
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v) the demonstration that water quality characteristics in local residential
wells are not impacted by the Site by analysis of well water samples;
and

vi) the demonstration of the effectiveness of the groundwater treatment
system by measuring influent and effluent flow rates, chemical analysis
of the treated water effluent and chemical analysis of the emissions
from the vapor phase carbon adsorption vents.

The evaluation of the data collected will determine if the
groundwater collection and extraction system is performing to its design
criteria, whether the contingency measures outlined in Section 8.1.2.5 of the
O&M Plan require implementation and at what point in time operation of
the WTU and IU extraction systems may be terminated. In addition,
compliance with final effluent requirements of the groundwater treatment
system will be evaluated by the data.

The Statement of Work required that the final effluent be
monitored for the Priority Pollutant List of parameters. However, the
Substantive Permit issued by OEPA required that different parameters be
monitored. The parameters required to be monitored, as presented in
Table 12.4, were from the Target Compound List and Target Analyte List and
not the Priority Pollutant List. Consequently, the methods to be used for the
analysis of the final effluent will be consistent with the methods to be used
for the analysis of the groundwater. The OEPA discharge limits are presented
in Table 12.4. Select metals discharge limits will be achieved by reporting to
the laboratory's instrument detection limits and have been identified on the
table with a footnote. The OEPA discharge limit for antimony cannot be
achieved by the laboratory and the laboratory will report antimony to the
instrument detection limit. This has been deemed acceptable by OEPA.
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12.1.4 Parameters to be Tested and Frequency

Sample matrices, analytical parameters and frequencies of
sample collection are presented in Table 12.1.

12.1.5 Data Quality Objectives fDOOs)

Data quality objectives (DQOs) are qualitative and
quantitative statements which specify the quality of the data required to
support decisions made during investigation activities and are based on the
end uses of the data to be collected. As such, different data uses may require
different levels of data quality. There are five analytical levels which address
various data uses and the QA/QC effort and methods required to achieve the
desired level of quality.

DQOs have been established in accordance with the
USEPA guidance document entitled "Data Quality Objectives for Remedial
Response Activities - Development Process", dated March 1987, in
conjunction with the document, "Data Quality Objectives for Remedial
Response Activities - Example Scenario RI/FS Activities at a Site with
Contaminated Soils and Groundwater", dated March 1987. Reference to these
documents ensures that the database developed during the Site activities
meets the objectives and quality necessary for its intended use.

DQOs can be classified for the measurement data by
defining the level of analytical support assigned to each type of data
measurement.

The following defines the different levels of analytical
support:

i) Level I - Field screening or analysis using portable instruments;
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TABLE 12.1

SUMMARY OF SAMPLING AND ANALYSES PROGRAM
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

QC Samples 1

Sample Field Laboratory Investiga
Matrix Parameters2 Parameters Samplt

Groundwater Monitorine Durine Ooeration and Maintenance

WTU,IU
Groundwater
(system startup
to one year)

WTU,IU
Groundwater
(Year 2 to
Year 4)

WTU,IU
Groundwater
(Year 6 to
Termination)

USU
Groundwater
(System startup
to one year)

USU
Groundwater

water level
pH
SCOND
temperature

water level
PH
SCOND
temperature

water level
PH
SCOND
temperature

water level
PH
SCOND
temperature

water level
PH

TCLVOC
TCLSVOC
TCLPesticides/PCB
TAL Inorganics

SSPL4

SSPL

TCLVOC
TCLSVOC
TCLPesticides/PCB
TAL Inorganics

SSPL

44

44

44

5

5

(Year 2 to Year 4) SCOND
temperature

Field Field Matrix Spike Total Frequency
Blanks Duplicates MSIMSD 3 Per Round Per Year

57

57

57

o£5

Total
Per Year

171

114

57

16

CRA2372(3S)
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TABLE 12.1

SUMMARY OF SAMPLING AND ANALYSES PROGRAM
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

QC Samples
Sample
Matrix

usu
Groundwater
(Year 6 and every
2nd year to
termination)

All Monitoring
Wells
Groundwater
(Year 5 and every
5th year to
termination)

Residential Well
Groundwater
(system startup
to one year)

Residential Well
Groundwater
(Year 2 and every
2nd year until one
year after
confirmation)

Field
Parameters 2

water level
PH
SCOND
temperature

water level
PH
SCOND
temperature

pH
SCOND
temperature

PH
SCOND
temperature

Laboratory Investigative
Parameters Samples

SSPL 5

TCLVOC 49
TCLSVOC
TCLPestiddes/PCB
TAL Inorganics

TCLVOC 3
TCLSVOC
TCLPesticides/PCB
TAL Inorganics

SSPL 3

Field Field Matrix Spike Total Frequency
Blanks Duplicates MSIMSD 3 Per Round Per Year

1 1 1 8 once every
2 years

5 5 3 6 2 once every
5 years

1 1 1 6 2

1 1 1 6 once every
2 years

Total
Per Year

8 every
2 years

62 every
5 years

12

6 every 2 years

Sediment
(at confluence of
south and east
drainage ditches)

TCLVOC
TCLSVOC
TCL Pesticides/PCB

CRA237J(35)
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SUMMARY OF SAMPLING AND ANALYSES PROGRAM
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

_______QC Samples 1_____
Sample Field Laboratory Investigative Field Field Matrix Spike Total Frequency Total
Matrix Parameters2 Parameters Samples Blanks Duplicates MSIMSD 3 Per Round Per Year Per Year

Surface Water pH
(at confluence of SCOND
south and east temperature
drainage ditches)

TCLVOC
TCLSVOC
TCLPesticides/PCB

Treatment System Monitoring

Treatment Plant Influent/Effluent OEPAVOC 5

Effluent Water Flow OEPABNA
(Month 1) OEPA Metals

Treatment Plant Influent/Effluent OEPAVOC
Effluent Water Flow OEPABNA
(Months 2 to OEPA Metals
termination)

Treatment Plant Influent/Effluent PPL6 VOC/
Air Emissions
(Startup to
termination)

Flow TO-14

12 12

CRA 2372(36)
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TABLE 12.1

SUMMARY OF SAMPLING AND ANALYSES PROGRAM
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

QC Samples
Sample
Matrix

Field
Parameters 2

Laboratory
Parameters

Investigative
Samples

Field
Blanks

Field Matrix Spike Total Frequency Total
Duplicates MSIMSD 3 Per Round Per Year Per Year

Termination Monitoring

All Monitoring
Wells
Groundwater
(one year prior
to termination)

water level
PH
SCOND
temperature

TCLVOC
TCLSVOC
TCL Pesticides/PCD
TAL Inorganics

49 62 248

All Monitoring
Wells
Groundwater
(monthly for the
first three months
once cleanup
standards are
achieved)

All Monitoring
Wells
Groundwater
(Years 1 and 2
post-termination of
extraction system)

water level
PH
SCOND
temperature

water level
PH
SCOND
temperature

TCLVOC
TCLSVOC
TCLPesticides/PCB
TAL Inorganics

49 62 186

TCLVOC
TCLSVOC
TCL Pesticides/PCB
TAL Inorganics

49 62 124

CR A 2372 (35)
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Sample
Matrix

TABLE 12.1

SUMMARY OF SAMPLING AND ANALYSES PROGRAM
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Field
Parameters 2

Laboratory
Parameters

Investigative
Samples

QC Samples 1
Field

Blanks
Field

Duplicates
Matrix Spike

MS/MSD 3

All Monitoring water level
Wells pH
Groundwater SCOND
(Year 3 through 5 temperature
post-termination
of extraction system)

TCLVOC
TCLSVOC
TCL Pesticides/PCD
TAL Inorganics

49

Total
Per Round

62

Frequency
Per Year

Total
Per Year

62

1
2
3

5
6
7

One trip blank sample will be shipped with each cooler of monitoring well samples collected for VOC analysis.
SCOND = Specific conductance
Matrix spike/matrix spike duplicate (MS/MSD) analyses are required for organic analyses. Samples designated for MS/MSD
analyses will be collected at a frequency of one per group of twenty (20) or fewer investigative samples. For MS/MSD samples within a
water matrix, triple the normal sample volumes will be collected for VOC, and double the normal volumes will be collected for
extractable organics and PCB/pesticides. Inorganics analysis will require either MS/MSD or MS and a duplicate sample analysis.
A Site-specific parameter list will be developed and submitted to USEPA and OEPA for modification and/or approval at the end of the
first year of operation.
OEPA = Ohio Environmental Protection Agency Final effluent monitoring requirements.
PPL = Priority pollutant list of analytes.
TO-14 = "The determination of volatile organic compounds (VOCs) in Ambient Air Using Summa Passivated Canister Sampling and Gas
Chromatographic Analysis", USEPA Compedium Method TO-14.
Frequency of sampling may change based on the results of monitoring as specified in the Consent Decree.

CRA 2372 (35)
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ii) Level n - Field analyses using more sophisticated portable analytical
instruments;

iii) Level HI - All analyses performed in off-Site analytical laboratories
using EPA procedures other than the Contract Laboratory Program
(CLP) Routine Analytical Services (RAS);

iv) Level TV - CLP-RAS performed in a CLP analytical laboratory using CLP
procedures; and

v) Level V - Non-standard analytical methods perfonned in an off-Site
laboratory.

Table 12.2 presents the level of analytical support for each
group of parameters.

12.1.6 Monitoring Schedule

The monitoring schedule is presented on Figure 8.1 of the
O&M Plan.

2372(35)



TABLE 123.

LEVELS OF DATA QUALITY OBJECTIVES (DQO) ANALYTICAL SUPPORT
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Matrix

Sediment

Surface Water

Groundwater
(Quality Monitoring)

Groundwater
(Residential Wells)

Effluent Water
(Treatment System)

Air (Treatment System
Emissions)

Analysis

TCLVOC
TCLSVOC
TCL Pesticides/PCBs

TCLVOC
TCLSVOC
TCL Pesticides/PCBs

TCLVOC
TCLSVOC
TCL Pesticides/PCBs
TAL Inorganics
Water Level
pH
Specific Conductance

TCLVOC
TCLSVOC
TCL Pesticides/PCBs
TAL Inorganics

OEPAVOCs
OEPABNAs
OPE A Metals

Priority Pollutant Volatile
Organic Compounds

Analytical
Support

Level m
Level m
Level ffl

Level m
Level m
Level ffl

Level ffl
Level ffl
Level ffl
Level ffl
Level I
Level I
Level I

Level ffl
Level ffl
Level ffl
Level V

Level ffl
Level ffl
Level ffl

Level ffl

CRA2372(35)
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12.2 PROTECT ORGANIZATION AND RESPONSIBILITY

The organization for the key staff with QA/QC
responsibilities is presented in Figure 12.1.

A summary of responsibilities of key personnel follows:

Gary Gifford - Trust Chairperson - SNFT (Summit National Facility Trust)
- general overview of the project to ensure that the PRPs objectives are met
- participation in key negotiations with the USEPA
- liaison with USEPA and OEPA
- managerial guidance to the Engineering Consultant's Project Manager
- approval of the QAPP

Tack Michels - Project Manager - CRA
- technical guidance to SNFT
- participation in key technical negotiations with USEPA and SNFT
- liaison with USEPA and OEPA
- approval of the QAPP

Steven Day - OA/OC Officer - Analytical and Field Activities - CRA
- systems audits - laboratory activities
- overview and review field QA/QC
- coordinate supply of performance evaluation samples
- review laboratory QA/QC
- data validation and assessment
- advise on data corrective action procedures
- preparation and review of RD activities reports
- QA/QC representation of project activities
- management of field activities and field QA/QC
- data assessment
- preparation and review of RD activities report
- technical representation of field activities
- preparation of standard operating procedures (SOPs) for field activities
- approval of the QAPP

2372(35)



USEPA
QA MANAGER

USEPA
REMEDIAL PROJECT MANAGER
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PROJECT COORDINATOR

SUMMIT NATIONAL
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QA OFFICER
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figure 12.1
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Halliburton NUS Laboratory (NUS)
5350 Cambells Run Road
Pittsburg, Pennsylvania 15205
(412) 747-2500
- as analytical subcontractor to the Summit National Facility Trust (SNFT),

will perform the majority of the chemical analyses of samples collected
during the activities.

Tames Lieb - Project Manager - NUS
- ensures all resources of the laboratory are available on an as-required basis
- overview of final analytical reports
- approval of the QAPP

Chuck Kieda - Operations Manager - NUS
- coordinate laboratory analyses
- supervise in-house chain-of-custody
- schedule sample analyses
- oversee data review
- oversee preparation of analytical reports
- approve final analytical reports prior to submission to the Engineering

Consultant

Lisa Manning - OA Officer - NUS
- overview laboratory quality assurance
- overview QA/QC documentation
- conduct detailed data review
- decide laboratory corrective actions, if required
- technical representation of laboratory QA procedures
- preparation of laboratory SOPs
- approval of the QAPP

2372(35)
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Terri Wynnik - Sample Custodian - NUS
- receive and inspect the incoming sample containers
- record the condition of the incoming sample containers
- sign appropriate documents
- verify chain of custody and its correctness
- notify Project manager of sample receipt and inspection
- assign a unique identification number and customer number and enter

each into the sample receiving log
- with the help of the operations manager, initiate transfer of the samples to

appropriate lab sections
- control and monitor access /storage of samples and extracts

Pace, Incorporated (Pace)
1710 Douglas Drive North
Minneapolis, Minnesota 55422
(612) 544-5543
- as subcontractor to NUS will perform the analysis of VOC in air using

method TO-14

Liesa Shanahan - Project Manager - Pace
- ensures all resources of the laboratory are available on an as-required basis
- overview of final analytical reports
- approval of the QAPP

Liesa Shanahan - Operations Manager - Pace
- coordinate laboratory analyses
- supervise in-house chain-of-custody
- schedule sample analyses
- oversee data review
- oversee preparation of analytical reports
- approve final analytical reports prior to submission to the Engineering

Consultant
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Joe Novotny - OA Officer - Pace
- overview laboratory quality assurance
- overview QA/QC documentation
- conduct detailed data review
- decide laboratory corrective actions, if required
- technical representation of laboratory QA procedures
- preparation of laboratory SOPs
- approval of the QAPP

Paul Ernst - Sample Custodian - Pace
- receive and inspect the incoming sample containers
- record the condition of the incoming sample containers
- sign appropriate documents
- verify chain of custody and its correctness
- notify Project manager of sample receipt and inspection
- assign a unique identification number and customer number and enter

each into the sample receiving log
- with the help of the operations manager, initiate transfer of the samples to

appropriate lab sections
- control and monitor access/storage of samples and extracts

Primary responsibility for project quality rests with CRA's
QA/QC Officer - Analytical and Field Activities. Ultimate responsibility for
project quality rests with CRA's Project Manager. Independent quality
assurance will be provided by the Laboratory Project Manager and QA Officer
prior to release of all data to the contractor.

USEPA RESPONSIBILITIES

The USEPA Region V Remedial Project Manager (RPM)
will be responsible for the overview of this project. The RPM will also be
responsible for providing approval of the QAPP. Anthony Rutter is the RPM
for the Remedial Action activities.
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The Laboratory Scientific Support Section of the Central
Regional Laboratory of USEPA Region V or USEPA Central District Office will
be responsible for performance and system audits of the laboratory analyses
and field activities. Performance evaluation (PE) audits will be ordered at the
discretion of the USEPA.

Additionally, the USEPA Region V Quality Assurance
Manager is responsible for reviewing and for providing final approval of the
QAPP. Willie H. Harris is Region V QA Manager.
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12.3 QUALITY ASSURANCE OBJECTIVES
FOR MEASUREMENT DATA

The overall QA objective is to develop and implement
procedures for field sampling, chain-of-custody, laboratory analyses and
reporting that will provide results which are legally defensible in a court of
law. Specific procedures for sampling, chain-of-custody, laboratory
instruments calibration, laboratory analysis, reporting of data, internal quality
control, audits, preventive maintenance of field equipment and corrective
action are described in other section of this QAPP. The purpose of this section
is to address the specific objectives for accuracy, precision, completeness,
representativeness and comparability.

12.3.1 Level of OC Effort

To assess the quality of data resulting from the field
sampling program, field duplicate samples, field blank samples (bailer rinse),
trip blank samples, preservative blank samples and matrix spike samples will
be taken and submitted to the analytical laboratory.

Field duplicate samples will be collected at a frequency of
one per ten or fewer investigative samples per parameter set for all sample
matrices, with a minimum of one field duplicate sample submitted per
sampling event. Matrix spike and matrix spike duplicate (MS/MSD) samples
will be analyzed at a minimum frequency of one per 20 or fewer samples for
each organic analysis. For the metals analyses, one matrix spike and
laboratory duplicate (MS/DUP) or MS/MSD will be analyzed at a minimum
frequency of one per 20 or fewer investigative samples.

Field blank samples will be submitted at a frequency of
one per ten well purging/sampling equipment cleanings or a least once per
day of well purging/sampling equipment cleanings, whichever is more
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frequent. Field blank samples will be collected by routing deionized water
through decontaminated sampling equipment. Field blank samples will be
analyzed to check procedural contamination and/or ambient conditions
and/or sample container contamination at the Site that may cause sample
contamination.

Preserved trip blank samples for VOC analyses (prepared
by the laboratory and consisting of organic-free water poured into the sample
vials) will be shipped with each shipping container of VOC sample vials by the
laboratory. Trip blank samples will be handled in a manner consistent with
actual field sample handling and will be shipped back to the laboratory with
the monitoring well samples. The trip blanks will provide a measure of
potential cross contamination of samples during shipment and handling.
However, it should be noted that trip blanks will not be opened in the field.

Upon examination of the results obtained by the
laboratory, if any of the aforementioned blanks are found to contain any of
the target analytes, the following procedure will be followed. First, determine
if the contamination is real by examining the associated investigative samples
and method blanks. If the contamination can be traced to an isolated source,
e.g. a highly contaminated sample, the data is to remain unqualified.
Otherwise, the data will be examined to determine the extent of
contamination and all associated data will be qualified according to the data
validation guidelines given in Section 12.9.

Field duplicate samples will be analyzed to check for
sampling and analytical reprodutibility. Field duplicate samples will be used
as a measure of precision throughout the sampling event. Comparison of
field duplicate samples will be based upon the target analytes, both
non-detected and detected, and the relative percent differences (RPD) of each
analyte's concentrations. The parameters which do not meet the criteria may
only be used as qualitative measurements. Professional judgment shall
determine the RPD limits on a sample-to-sample basis.
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The level of QC effort provided by the laboratory for
analysis of the samples will be equivalent to the level of QC effort specified in
the standard operating procedures (SOPs) in Appendix 12.1.

The level of QC effort for the field measurements of pH
and specific conductance will be as described in the SOPs in Appendix 12.1.
Temperature readings will be obtained with pH measurements. Water level
measurements will be to the nearest 0.01 ft. using an electric sounding water
level meter.

12.3.2 Accuracy. Precision and Sensitivity of Analyses

The fundamental QA objective with respect to accuracy
and precision of laboratory analytical data is to achieve the QC acceptance
criteria of the analytical protocols. The sensitivities required for the analyses
will be at least the targeted quantitation limits in Tables 12.3 through 12.6. It
should be noted that the quantitation limits listed are targeted quantitation
limits. Actual sample quantitation limits are highly matrix dependent.

SOPs for laboratory analyses are provided in
Appendix 12.1. These include the required accuracy, precision, sensitivity of
the analyses. SOPs for the field equipment to measure pH, conductivity and
temperature are also provided in Appendix 12.1.

12.3.3 Completeness. Representativeness and Comparability

Completeness is a measure of the amount of valid data
obtained from a measurement system compared to the amount that was

v_y expected to be obtained under normal conditions. It is expected that the
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TARGETED QUANTITATION LIMITS FOR TCI/TAL ANALYSES
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Targeted
Quantitation Limits

Volatile Organic Compounds
acetone
benzene
bromodichloromethane
bromoform
bromomethane
butanone
carbon disulfide
carbon tetrachloride
chlorobenzene
chloroethane
chloroform
chloromethane
cis-l^-dichloropropene
dibromochloromethane
1.1-dichloroe thane
1.2-dichloroethane
1.1-dichloroethene
1.2-dichloroethene (total)
1,2-dichloropropane
ethylbenzene
2-hexanone
methylene chloride
4-methyl-2-pentanone
styrene
1,1,2,2-tetrachloroethane
tetrachloroethene
toluene
trans-13-dichloropropene
1,1,1-trichloroethane
1,1/2-trichloroethane
trichloroethene
vinyl chloride
xylenes (total)

Water

50
5
5
5
10
50
5
5
5
10
5
10
5
5
5
5
5
5
5
5
50
5
50
5
10
5
5
5
5
5
5
10
5

Low
Soil/Sediment

50
5
5
5
10
50
5
5
5
10
5
10
5
5
5
5
5
5
5
5
50
5
50
5
10
5
5
5
5
5
5
10
5
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TARGETED QUANTTTATION LIMITS FOR TCL/TAL ANALYSES
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Targeted
Quantitation Limits 1

Semi-Volatile Organic Compounds
acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(g^v)perylene
benzo(k)fluoranthene
bis(2-chloroethoxy)methane
bis(2-chloroethyl)ether
2,2'-oxybis(l-chloropropane)
bis(2-ethylhexyl)phthalate
butylbenzylphthalate
4-bromophenylphenyl ether
carbazole
4-chloroaniline
2-chloronaphthalene
4-chlorophenyl phenyl ether
chrysene
dibenz(a,h)anthracene
dibenzofuran
1.2-dichlorobenzene
1.3-dichlorobenzene
1.4-dichlorobenzene
33'-dichlorobenzidine
diethylphthalate
dimethylphthalate
di-n-butyphthalate
di-n-octylphthalate
2,4-dinitrotoluene
2,6-dinitrotoluene
fluoranthene
fluorene
hexachlorobenzene
hexachlorobutadiene
hexachlorocydopentadiene
hexachloroethane
indeno(l,2,3-ccl)pyrene
isophorone
2-methylnaphthalene

Water

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

Low
Soil/Sediment

330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
660
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
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TARGETED QUANTTTATION LIMITS FOR TCI/TAL ANALYSES
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Targeted
______Quantitation Limits 1

Semi-Volatile Organic Compounds (Con't)
naphthalene
2-nitroaniline
3-nitroaniline
4-nitroaniline
nitrobenzene
N-nitroso-di-n-propylamine
N-nitrosodiphenylamine (diphenylamine)
phenanthrene
pyrene
1,2,4-trichlorobenzene
4-chloro-3-methylphenol
2-chlorophenol
2,4-dichorophenol
2,4-dimethylphenol
2,4-dinitrophenol
4,6-dinitro-2-methylphenol
2-methylphenol
4-methylphenol
2-nitrophenol
4-nitrophenol
pentachlorophenol
phenol
2,4,5-trichlorophenol
2,4/6-trichlorophenol

Water
Low

Soil/Sediment

10
50
50
50
10
10
10
10
10
10
10
10
10
10
50
50
10
10
10
50
50
10
10
10

330
1,600
1,600
1,600
330
330
330
330
330
330
330
330
330
330

1,600
1,600
330
330
330

1,600
1,600
330
330
330
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TARGETED QUANTTTATION LIMITS FOR TCL/TAL ANALYSES
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Targeted
Quantitation Limits

Pesticides
aldrin
alpha-BHC
beta-BHC
alpha-chlordane
gamma-chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT
delta-BHC
dieldrin
endosulfan I
endosulfan II
endosulfan sulfate
endrin
endrin ketone
gamma-BHC (Lindane)
heptachlor
heptachlor epoxide
methoxychlor
toxaphene

PCBs
arodor 1016
arodor 1221
arodor 1232
arodor 1242
arodor 1248
arodor 1254
arodor 1260

Water
(fJg/L)

0.05
0.05
0.05
0.5
0.5
0.1
0.1
0.1
0.05
0.1
0.05
0.1
0.1
0.1
0.1
0.05
0.05
0.05
05
1.0

05
05
05
05
05
1.0
1.0

Low
Soil/Sediment

<Hg/W

8
8
8
8
8
16
16
16
16
16
8
16
16
16
16
8
8
8
8

160

80
80
80
80
80
160
160
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TABLE 12.3

TARGETED QUANTITATION LIMITS FOR TCL/TAL ANALYSES
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Targeted
Quantitation Limits 1

Page 5 of 5

Inorganics
aluminum
antimony
arsenic
barium
beryllium
cadmium
calcium
chromium
cobalt
copper
iron
lead
magnesium
manganese
mercury
nickel
potassium
selenium
silver
sodium
thallium
vanadium
zinc
cyanide

Water

200
60
10
200
5
5

5,000
10
50
25
100
3

5,000
15
0.2
40
5,000
5
10
5,000
10
50
20
10

Low
Soil/Sediment

(t^fkg)

40
12
2
40
1
1

1,000
2
10
5
20
0.6
1,000
3
0.1
8

1,000
1
2

1,000
2
10
4
1

1Actual sample quantitation limits are highly matrix and laboratory dependant and are not
always achievable. Targeted quantitation limits presented are for guidance only and may
not be achievable.
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TABLE 12.4

TARGETED QUANTTTATION LIMITS FOR FINAL EFFLUENT ANALYSES
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Targeted OEPA
Quantitation Limits Discharge Limits

Water Water

Volatile Organic Compounds
acetone 10 927
benzene 5 7
1.1-dichloroethane 5 7
1.2-dichloroethane 5 21
1.1-dichloroethene 5 5
1.2-dichloroethene (total) 5 26
ethylbenzene 5 5
methylene chloride 5 5
methyl ethyl ketone (2-butanone) 10 442
methyl isobutyl ketone (4-methyl-2-pentanone) 10 15
toluene 5 5
1,1,1-trichloroethane 5 12
trichloroethene 5 5
xylenes (total) 5 6

Base/Neutral Compounds
bis(2-ethylhexyl)phthalate 10 10
isophorone 10 10
2-methylnapthalene 10 10
naphthalene 10 10

Acid Compounds
4-chloro-3-methylphenol (p-chloro-m-aresol) 10 10
phenol 10 10
2-methylphenol 10 10
4-methylphenol 10 10
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TABLE 12,4

TARGETED QUANTTTATION LIMITS FOR FINAL EFFLUENT ANALYSES
SUMMIT NATIONAL SUFERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Targeted
Quantitation Limits 1

Water

OEPA
Discharge Limits

Water

Metals
antimony ^
arsenic
iron
aluminum
barium
calcium
chromium (total)
cobalt
copper2

lead 2

magnesium
manganese (dissolved)
nickel (dissolved)
potassium
zinc

7
3

20
50
5

100
10
10
1
1

50
5
20
200
10

5
7

300
536
219

201,785
5
14
2
1

72,151
6,818

14
6,415
188

Actual sample quantitation limits are highly matrix and laboratory dependant and are not
always achievable. Targeted quantitation limits presented are for guidance only and may
not be achievable.
Targeted quantitation limit is the instrument detection limit.
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TABLE 12.5

TARGETED QUANTTTATION LIMITS FOR RESIDENTIAL WELL ANALYSES
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Targeted
Quantitation Limits

Water

Volatile Organic Compounds
acetone 5
benzene 1
bromodichloromethane 1
bromoform 1
bromomethane 1
2-butanone 5
carbon disulfide 1
carbon tetrachloride 1
chlorobenzene 1
chloroethane 1
chloroform 1
chloromethane 1
tis-l,3-dichloropropene 1
dibromochloromethane 1
1.1-dichloroethane 1
1.2-dichloroethane 1
1.1-dichloroethene 1
1.2-dichloroethene (total) 1
1,2-dichloropropane 1
ethylbenzene 1
2-hexanone 5
methylene chloride 2
4-methyl-2-pentanone 5
styrene 1
1,1,2,2-tetrachloroethane 1
tetrachloroethene 1
toluene 1
trans-l,3-dichloropropene 1
1.1.1-trichloroethane 1
1.1.2-trichloroethane 1
trichloroethene 1
vinyl chloride 1
xylenes (total) 1
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TABLE 12.5

TARGETED QUANTITATION LIMITS FOR RESIDENTIAL WELL ANALYSES
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Targeted
Quantitation Limits

Water

Semi-Volatile Organic Compounds
acenaphthene 5
acenaphthylene 5
anthracene 5
benzo(a)anthracene 5
benzo(a)pyrene 5
benzo(b)fluoranthene 5
benzo(g,h,i)perylene 5
benzo(k)fluoranthene 5
benzyl alcohol 50
bis(2-chloroethoxy)methane 5
2,2'-oxybis(l-chloropropane) 5
bis(2-chloroisopropyl)ether 5
bis(2-ethylhexyl)phthalate 5
butyl benzyl phthalate 5
4-bromophenylphenyl ether 5
4-chloroaniline 5
2-chloronaphthalene 5
4-chlorophenyl phenyl ether 5
chrysene 5
dibenz(a,h)anthracene 5
dibenzofuran 5
1.2-dichlorobenzene 5
1.3-dichlorobenzene 5
1.4-dichlorobenzene 5
3,3'-dichlorobenzidine 20
diethylphthalate 5
dimethylphthalate 20
di-n-butyphthalate 5
di-n-octylphthalate 5
2,4-dinitrotoluene 5
2,6-dinitrotoluene 5
fluoranthene 5
fluorene 5
hexachlorobenzene 5
hexachlorobutadiene 5

CRA 2372(35)



Page 3 of 5

TABLE 12.5

TARGETED QUANTTTATION LIMITS FOR RESIDENTIAL WELL ANALYSES
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Targeted
Quantitation Limits

Water

Semi-Volatile Organic Compounds
(continued)
hexachlorocydopentadiene 5
hexachloroethane 5
indeno(l,2,3-cd)pyrene 5
isophorone 5
2-methylnaphthalene 5
naphthalene 5
2-nitroaniline 20
3-nitroaniline 20
4-nitroaniline 20
nitrobenzene 5
N-nitroso-di-n-propylamine 5
N-nitrosodiphenylamine (diphenylamine) 5
phenanthrene 5
pyrene 5
1,2,4-trichlorobenzene 5
benzole acid 50
4-chloro-3-melhylphenol 5
2-chlorophenol 5
2,4-dichorophenol 5
2,4-dimethylphenol 5
2,4-dinitrophenol 20
4,6-dinitro-2-methylphenol 20
2-methylphenol 5
4-methylphenol 5
2-nitrophenol 5
4-nitrophenol 20
pentachlorophenol 20
phenol 5
2.4.5-trichlorophenol 20
2.4.6-trichlorophenol 5
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TABLE 12.5

TARGETED QUANTTTATION LIMITS FOR RESIDENTIAL WELL ANALYSES
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Targeted ]

Quantitation Limits
Water
WU

Pesticides

aldrin 0.01
alpha-BHC 0.01
beta-BHC 0.01
alpha-chlordane 0.01
gamma-chlordane 0.01
4,4-DDD 0.01
4,4'-DDE 0.02
4,4'-DDT 0.02
delta-BHC 0.01
dieldrin 0.02
endosulfan I 0.01
endosulfan H 0.02
endosulfan sulfate 0.02
endrin 0.02
endrin ketone 0.02
gamma-BHC (Lindane) 0.01
heptachlor 0.01
heptachlor epoxide 0.01
methoxychlor 0.1
toxaphene 1.0

PCBs

Aroclor 1016 020
Arodor 1232 0.40
Aroclor 1242 020
Aroclor 1248 0.20
Aroclor 1254 020
Aroclor 1260 0.20
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TABLE 12.5

TARGETED QUANTTTATION LIMITS FOR RESIDENTIAL WELL ANALYSES
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Targeted
Quantitation Limits

Inorganics
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc
Cyanide

Water

100
5
2
20
1
1

500
10
10
10
100
2

500
10
0.2
20
750
3
10

500
10
10
20
10

1 Actual sample quantitation limits are highly matrix and dependant and are not
always achievable. Targeted quantitation limits presented are for guidance only
and may not be achievable.
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TABLE 12.6

TARGETED QUANTITATION LIMITS FOR AIR ANALYSES
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Targeted
Quantitation Limits

Air
(ppbv)

Volatile Organic Compounds

benzene 3.10
bromomethane 2.50
carbon tetrachloride 1.60
chlorobenzene 3.00
chloroethane 3.70
chloroform 2.00
chloromethane 4.80
1,3-dichloropropene 3.30
1.1-dichloroethane 6.00
1.2-dichloroethane 2.40
1.1-dichloroethene 2.50
1.2-dichloroethene 4.60
1,2-dichloropropane 2.10
ethylbenzene 2.70
methylene chloride 5.30
UA2-tetrachloroethane 1.80
tetrachloroethene 2.10
toluene 3.40
1,1,1-trichloroethane 1.80
1,1^-trichloroethane 2.60
trichloroethene 1.80
vinyl chloride 3.90

1 Actual sample quantitation limits are highly matrix and laboratory dependant and are
not always achievable. Targeted quantitation limits presented are for guidance
only and may not be achievable,
ppbv = parts per billion by volume

CRA 2372(35)



Summit National
O&M Plan QAPP
Section No.: 12.3
Revision No.: 2
Date: June 3,1994
Page: 4 of 5

project laboratory will provide data meeting the QC acceptance criteria for
90 percent or more for all samples tested using the referenced methods.
Following completion of the analytical testing, the percent completeness will
be calculated by the following equation:

Valid Data Obtained
Completeness (%) = Total Data Pianned X 10°

Representativeness expresses the degree to which data
accurately and precisely represent a characteristic of a population, parameter
variations at a sampling point, a process condition or an environmental
condition. Representativeness is a qualitative parameter which is dependent
upon the proper design of the sampling program and proper laboratory
protocol. The sampling network was designed to provide data representative
of Site conditions. During development of this network, consideration was
given to the historical Site operations, existing analytical data and physical
setting and processes. The rationale of the sampling network is discussed in
detail in the O&M Plan. Representativeness will be satisfied by insuring that
the O&M Plan is followed, proper sampling techniques are used, proper
analytical procedures are followed and holding times of the samples are not
exceeded in the laboratory. Representativeness will be assessed by field
duplicate sample data.

Comparability expresses the confidence with which one
data set can be compared with another. The extent to which existing and
planned analytical data will be comparable depends on the similarity of
sampling and analytical methods. The procedures used to obtain the planned
analytical data, as documented in the QAPP, are expected to provide
comparable data. These new analytical data, however, may not be directly
comparable to existing data because of difference in procedures and QA
objectives.
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12.3.4 Field Measurements

Measurement data will be generated in many field
activities. These activities include, but are not limited to, the following:

i) documenting time and weather conditions;
ii) determining pH, specific conductivity, and temperature of

groundwater samples; and
iii) verifying pre-sampling purge volumes.

The general QA objective for such measurement data is to
obtain reproducible and comparable measurements to a degree of accuracy
consistent with the SOPs in Appendix 12.1.
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12.4 SAMPLING PROCEDURES

The following subsections present the sampling
procedures for the various media at the Site.

12.4.1 Equipment Cleaning

All sampling equipment which may come in contact with
potentially contaminated materials shall be decontaminated prior to field use
and after each sample is collected to prevent cross-contamination of the
samples. Duplicate samples shall be collected concurrently with original
samples, therefore, sampling equipment will not be decontaminated before
collection of the duplicate. Decontamination of equipment will be performed
as follows:

i) clean water and non-phosphate detergent wash using a brush, if
necessary, to remove all visible foreign matter;

ii) rinse thoroughly with potable water;
iii) rinse with isopropyl alcohol;
iv) rinse thoroughly with deionized water; and
v) allow the equipment to air dry on a clean plastic sheet as long as

possible.

Following final rinse, openings will be visually inspected
to verify they are free of soil particulates and other solid material which may
contribute to possible sample cross-contamination.

Fluids used for cleaning will not be recycled. All wash
water, rinse water and decontamination fluids will be treated in the on-Site
treatment system.
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12.4.2 Field Sampling

12.4.2.1 Sample Labeling

Each sample will be labeled with a unique sample number
that will facilitate tracking and cross-referencing of sample information. The
sample numbering system to be used is described as follows:

Example: GW-010194-XX-001

G W - designates types of sample (GW-groundwater, SW-surface
water, SD-sediment, RW-residential well, A-air)

010194 - designates date of collection presented as month/day/year
XX - sampler's initials
001 - sequential number starting with 001 at the start of the

project

Field QC samples will also be numbered with a unique
sample number, consistent with the numbering system described above to
prevent laboratory bias of field QC samples.

12.4.2.2 Field Log

The field logbook will be a bound document with
consecutively numbered pages. The entries for each day will commence on a
new page which will be dated. All entries will be made using waterproof ink.
Corrections will be made by marking through the error with a single line, so
as to remain legible, and initialing this action followed by writing the
correction.
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The following information will be recorded in the field
logbook for each sample collected:

i) site location identification;
ii) unique sample identification number;
iii) date and time (in military time format) of sample collection;
iv) weather conditions;
v) designation as to the type of sample (groundwater, soil, etc.);
vi) designation as to the means of collection (grab, bailer, etc.);
vii) sample depth (where appropriate)
viii) name of sampler;
ix) analyses to be performed on sample;
x) volume and number of sample containers; and
xi) any other relevant comments such as odor, staining, texture, filtering,

preservation, etc.

12.4.2.3 Chain-Of-Custody Forms

Chain-of-custody records will be used to track all samples
from time of sampling to the arrival of samples at the laboratory.

Each sample container being shipped to the laboratory will
contain a chain-of-custody form. The chain-of-custody form consists of four
copies which are distributed to the sampler, to the shipper, to the contract
laboratory and to the office file of CRA. The sampler and shipper will
maintain their copies while the other two copies are enclosed in a waterproof
enclosure within the shipping container. The laboratory, upon receiving the
samples, will complete the remaining copies. The laboratory will maintain
one copy for its records. The executed original will be returned to CRA with
the data deliverables package. A typical chain-of-custody form is presented on
Figure 12.2.
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12.4.2.4 Sample Containers and Handling

Required sample containers, sample preservation
methods, maximum holding times and filling instructions are provided in
Table 12.7.

All samples will be placed in appropriate sample
containers, labeled and properly sealed. The sample labels will include
sample number, place of collection, date and time of collection and analyses
to be performed. Samples will be cushioned within the shipping coolers by
the use of vermiculite, foam chips and/or bubble pack. Samples will be kept
cool by the use of sealed plastic bags of ice or cooler packs. A trip blank will
accompany each shipment of multiple investigative groundwater samples
submitted for VOC analysis.

Samples will be shipped by commercial courier or will be
hand delivered on a daily basis to the project laboratory. The exception to this
will be samples which are collected on a Sunday or holiday. For samples
collected on a Sunday or holiday, additional ice will be placed in the coolers,
the coolers will be sealed and kept in a designated secure area until they are
picked up by the courier, or hand delivered to the laboratory, on the next
business day.

Two seals comprised of chain-of-custody tape will be
placed over the lid on the front right and back left of each shipping cooler
prior to shipment to secure the lid and provide evidence that the samples
have not been tampered with enroute to the laboratory.

Upon receipt of the cooler at the laboratory, the cooler will
be inspected by the laboratory Sample Custodian. The condition of the cooler
and seal will be noted on the chain-of-custody form by the Sample Custodian.
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.12.7

CONTAINER, PRESERVATION, SHIPPING AND PACKAGING REQUIREMENTS
SUMMIT NATIONAL SUPERFUND SITE

DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Maximum

Analyses
Sample

Containers Preservation
Maximum Holding Time
from Sample Collection *

Volume of
Sample Shipping

Normal
Packaging

GroimdwaterlResidential Wells

SVOC, PCB
Pesticides

vex:

Metals

Total Cyanide

Sediment

SVOC,
Pesticides/PCB

VOC

Air

VOC

Two 1-liter
amber glass
bottles per analysis

Three 40-mL
teflon lined septum
vials

One 1-liter plastic
bottle

One 500-mL plastic
or glass bottle

Two 4-ounce
glass jars

Two 4-ounce
glass jars

One 6-L Summa®
passivated stainless

Iced, 4° C

HCltopH<2,
Iced, 4° C

HNO3topH<2,

NaOHtopH>12,
Iced, 4° C

Iced, 4° C

Iced, 4° C

None

7 days for extraction
40 days after extraction
for analysis

14 days for analysis

6 months (mercury -
28 days) for analysis

14 days for analysis

14 days for extraction
40 days after extraction for analysis

14 days for analysis

2
30 days for analysis

Fill to neck of
bottles

Fill completely,
no air bubbles

Fill to shoulder of
bottle

Fill to shoulder of
bottle

Fill to neck of
jars

Fill completely

3

Overnight or
Hand Deliver

Overnight or
Hand Deliver

Overnight or
Hand Deliver

Overnight or
Hand Deliver

Overnight or
Hand Deliver

Overnight or
Hand Deliver

Overnight or
Hand Deliver

Bubble Pack or
Foam Chips

Foam Liner

Bubble Pack or
Foam Chips

Bubble Pack or
Foam Chips

Bubble Pack of
Foam Chips

Bubble Pack of
Foam Chips

Bubble Pack of
Foam Chips

steel canister

These are technical holding times, i.e. are based on time elapsed from time of sample collection.
There are no recommended canister air sampling holding time periods presently specified by EPA protocols. A thirty day holding time period for
analyses specified by the Contract Laboratory Program draft Statement of Work for Air Toxics will be observed.
For the air samples submitted for VOC analyses, grab samples are collected by opening the canister valve for a specified period of time or by using a calibrated
critical orifice as a sampling device. The sample is taken to a point just below atmospheric pressure, so that the presence of a slight vacuum in the canister
ensures that leakage has not occurred prior to analysis.
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The Sample Custodian then will check the contents of the
cooler with those samples listed on the chain-of-custody form. Any damage
to the samples or discrepancies in sample identifications will be recorded in
the remarks column of the chain-of-custody form and dated and signed. The
Sample Custodian will inform the laboratory Project Manager of the problem
who will contact CRA for resolution.

12.4.3 Sampling Protocols

12.4.3.1 Surface Water Sampling

Surface water samples will be collected in accordance with
the following protocols:

1. New disposable gloves will be used when collecting each surface water
sample. Additional new glove changes will be made as conditions
warrant.

2. Samples will be collected by the grab sample method directly into
precleaned sample containers. To obtain the sample, the sampler will
approach the sample location from the downstream direction, invert
the sample container prior to submergence (to avoid collecting debris
floating on the surface) and then tilt the sample container in an
upstream direction to permit the sample container to fill. To the extent
possible, liquids will be collected a few inches below the surface and
such that the collection container does not contact the sediment bed.
When the container is full, it will be removed from the stream (in a
manner that will ensure that no debris floating on the surface enters
the sample container) and capped. Care will be taken to ensure that the
cap interior is not handled.
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3. Container preservation shipping and packaging requirements will be
in accordance with Table 12.7.

12.4.3.2 Sediment Sampling

To the extent possible, sediment samples will be collected
from locations underlying or immediately adjacent to the surface water
sampling points. Sediment will be collected according to the following
protocol:

1. Surface water samples of a particular location will be collected before
sediment samples.

2. The sampling tool and all other instruments used in extracting the
sediment samples will be precleaned between each sampling location
using the prescribed decontamination procedure detailed in
Section 12.4.1.

3. A new pair of disposable gloves will be used for each sample handled.
Additional glove changes will be undertaken as conditions warrant.

4. Sediment samples will be collected with a spoon utensil manually
scraping the upper two inches of the ditch bed.

5. Each sample (or portion thereof) collected will be placed directly in the
appropriate sample container. Care will be taken to ensure that the cap
interior is not handled.

6. Container, preservation, shipping and packing requirements will be in
accordance with Table 12.7.
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12.4.3.3 Groundwater Monitoring Well Sampling Protocols

Groundwater samples will be obtained using the sampling
protocol which follows:

1. The depth of water in each well will be measured to the nearest
0.01 foot using an electric tape. The measuring device will be
precleaned prior to use in each well using the cleaning sequence
provided in Section 12.4.1.

2. Prior to sampling, each well will be purged using a precleaned, stainless
steel bottom-filling bailer or a stainless-steel outer casing submersible
sampling pump. The monitoring wells will be purged by removing a
minimum of three standing well volumes of groundwater where the
volume of standing water is calculated as follows:

V = 0.041 d2 h

where:
V = volume of standing water in gallons
d = diameter of the well in inches
h = depth of water in feet

Field measurements of pH, conductivity and temperature of the
evacuated water will be obtained and recorded following removal of
each standing well volume and prior to sample collection. Well
purging will continue until three consecutive and consistent readings
(± 0.2 units for pH, ± five percent for conductivity and ± two degrees for
temperature) of pH, conductivity and temperature are obtained or a
maximum of five standing well volumes have been removed. In the
event that a well is bailed dry prior to achieving three well volumes,
groundwater will be permitted to recover to a level sufficient for
sample collection. The time that the well was bailed dry will be
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recorded and the well will be monitored for recovery. Upon recovery,
the sample will be collected. All waste groundwater not collected for
analysis will be disposed of in the on-Site treatment system.

3. After purging the required volume of well water or immediately after
well development, water samples will be collected using a pre-cleaned
stainless bailer attached to polypropylene rope. The bailer will be
emptied directly into the appropriate sample containers. Containers
will be filled in order of decreasing analyte volatility, using techniques
which will minimize sample agitation. New polypropylene rope will
be used for each monitoring well.

4. Unfiltered groundwater samples will be collected for inorganic
analysis. The protocols for placing samples in appropriate containers,
preservation and shipping are included in Table 12.7.

5. A field duplicate sample will be collected at a frequency of one per ten
investigative samples collected or at a minimum of one per sampling
event. Sample containers will be filled in order of decreasing analyte
volatility.

6. Samples will be collected for MS/MSD and MS/DUP analysis at a
frequency of one per twenty investigative samples. The sample for
MS/MSD and MS/DUP analysis will be collected from a well
representative of the condition of the majority of the monitoring wells,
turbid or non turbid. Samples will be collected from the representative
monitoring wells using the same protocol as for the field duplicate
with increased sample volume being collected for organics analyses.
The chain-of-custody forms sent to the project laboratory will indicate
the samples collected for MS/MSD and MS/DUP analysis.

7. A field (rinsate) blank sample will be collected at a frequency of one per
ten investigative samples collected or at a minimum of one per
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sampling event. This sample will consist of deionized water poured
into, and then sampled out of, a precleaned bailer. This will provide a
quality assurance check on the decontamination procedures employed
for the bailers and sample containers.

12.4.3.4 Residential Well Sampling

The residential wells will be sampled according to the
following protocol:

1. Water will be collected, if possible, from an outdoor spigot. The
sampler should avoid taking the sample after flow through a water
softener or home water treatment system.

2. Water will be allowed to run through the tap for fifteen minutes in
order to purge the water system. Purged water will not be collected for
disposal.

3. Samples will be collected as closely to the well heads as possible, and
will be collected directly into sample containers in order of decreasing
analyte volatility. VOCs will be collected first followed by SVOCs,
pesticides/PCBs and inorganics. Samples from residential wells will
not be filtered.

4. Three residential wells will be included in the monitoring program.
The residential wells to be sampled will be selected by USEPA and Ohio
EPA prior to each sampling round.

5. Container, preservation, shipping and packaging requirements will be
in accordance with Table 12.7.
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12.4.3.5 Treatment System Water

The influent and effluent waters will be sampled
according to the following protocol:

1. Water will be collected from the appropriate sample tap.

2. Water will be allowed to run through the sample tap for one minute in
order to purge the water system. Purged water will be collected and
dispose of using the treatment system.

3. Samples will be collected directly into sample containers in order of
decreasing analyte volatility.

4. Container, preservation, shipping and packaging requirements will be
in accordance with Table 12.7.

12.4.3.6 Air Sampling

Samples of air emissions from the vapor phase carbon
adsorber vents will be collected using the following protocol:

1. A short sampling probe will be inserted into the vent and attached to a
pneumatic flow controlled pre-cleaned evacuated Summa® canister.

2. At the start of sampling, the canister valve will be opened to allow the
emissions to flow into the canister. The pneumatic flow controller will
be calibrated to a flow rate of approximately 100 mL per minute for a
one hour intergral sample of six liters.

3. Upon completion of sampling, the canister valve will be closed and the
probe and controller removed.
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4. The canister will be labeled and transported to the laboratory for
analysis.
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12.5 SAMPLE CUSTODY AND DOCUMENT CONTROL

It is USEPA and Region V Policy to follow the USEPA
Region V sample custody, or the chain-of-custody protocols as described in
"NEIC Policies and Procedures", EPA-330/9-78-001R, revised August 1991.
This custody is in three parts: sample collection, laboratory analysis and final
evidence files. Final evidence files, including all originals of laboratory
reports and purge files, are maintained under document control in a secure
area on Site.

A sample or evidence file is under your custody if it:

i) is in your possession;
ii) is in your view, after being in your possession;
iii) is in your possession and you place it in a secured location; or
iv) is in a designated secure area.

12.5.1 Field Chain-of-Custody Procedures

The sample packaging and shipment procedures
summarized below will insure that the samples will arrive at the laboratory
with the chain-of-custody intact. The protocol for specific sample numbering
using case numbers and traffic report numbers, if applicable, and other
sample designations are included in Section 12.4.

12.5.1.1 Field Procedures

1) The field sampler is personally responsible for the care and custody of
the samples until they are transferred to another individual or
properly dispatched to the laboratory. As few people as possible should
handle the samples.
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2) All bottles will be labeled with unique sample numbers.

3) Sample labels will be completed for each sample using waterproof ink.

12.5.1.2 Field Logbooks/Documentation

Field logbooks will provide the means of recording data
collecting activities performed. As such, entries will be described in as much
detail as possible so that persons going to the Site could reconstruct a
particular situation without reliance on memory.

The title page of each logbook will contain the following:

i) person to whom the logbook is assigned;
ii) logbook number;
iii) project name;
iv) project start date; and
v) end date.

Entries into the logbook will contain a variety of
information. At the beginning of each entry the date, start time, weather,
names of all sampling team members present, level of personal protection
being used, and the signature of the person making the entry will be entered.
The names of visitors to the Site, field sampling or investigation team
personnel and the purpose of their visit will also be recorded in the field
logbook.

Measurements made and samples collected will be
recorded. All entries will be made in ink with no erasures. If an incorrect
entry is made, the information will be crossed out with a single strike mark.
Whenever a sample is collected, or a measurement is made, a detailed
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description of the location of the sampling point, which includes compass
direction and distance taken from a reference point, if any, will also be noted.
All equipment used to make measurements will be identified, along with the
date of calibration.

Samples will be collected following the sampling
procedures presented in Section 12.4. The equipment used to collect samples
will be noted, along with the time of sampling, sample description, depth
from which the sample was collected, volume and number of containers.
Sample identification number will be assigned during sample collection.
Field QC samples, which will receive an entirely separate sample
identification number, will be submitted to the laboratory blind to avoid
laboratory bias of field QC samples.

12.5.1.3 Transfer of Custody and Shipment Procedures

1. Samples will be accompanied by a properly completed chain-of-custody
record. The sample numbers and locations will be listed on the
chain-of-custody record. When transferring the possession of samples,
the individuals relinquishing and receiving will sign, date and note
the time on the record. This record documents transfer of custody of
samples from the sampler to another person, to the laboratory, or
to/from a secure storage area.

2. Samples will be properly packaged for shipment and dispatched to the
laboratory for analysis, with a separate signed custody record enclosed
in each sample box or cooler. Shipping containers will be secured with
custody tape and for shipment to the laboratory. The cooler will be
strapped shut with strapping tape in at least two locations.

3. Whenever samples are split with a source or government agency, a
separate chain-of-custody record will be prepared for those samples and
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marked to indicate with whom the samples are being split. The person
relinquishing the samples to the facility or agency will request the
representative's signature acknowledging sample receipt. If the
representative is unavailable or refuses to sign this will be noted in the
"Received By" space.

4. All shipments will be accompanied by the chain-of-custody record
identifying the contents as specified in Section 12.4.2.3.

5. If the samples are sent by common carrier, a bill of lading will be used.
Receipts of bills of lading will be retained as part of the permanent
documentation. Commercial carriers will not be required to sign off on
the custody records as long as the custody records are sealed inside the
sample cooler and the custody tape remain intact.

12.5.2 Laboratory Qiain-of-O, yigtody Procedures

The sample custodian will assign a unique number to
each incoming sample for use in the laboratory. The unique number and
customer number will then be entered into the sample receiving log. The
laboratory date of receipt will also be noted.

Laboratory custody procedures and document control for
those samples analyzed by the project laboratory will be carried out as
specified in the appropriate SOP included in Appendix 12.1.

12.5.3 Storage of Samples

After the sample custodian has prepared the receiving log,
the chain-of-custody will be checked to ensure that all samples are stored in
the appropriate locations. All samples will be stored within an
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access-controlled location and will be maintained under the preservation
requirements specified in Table 12.7 until completion of all analytical work
or, as a minimum, for 30 days after receipt of the final report by CRA.

12.5.4 Final Evidence Fileff Custody Procedures

Evidentiary files for the entire project will be maintained
by the CRA's Project Manager and will consist of the following:

i) project plan;
ii) project log books;
iii) field data records;
iv) sample identification documents;
v) chain-of-custody records;
vi) correspondence;
vii) references, literature;
viii) final data packages;
ix) miscellaneous - photos, maps, drawings, etc.; and
x) final report.

The evidentiary file materials will be the responsibility of
the evidentiary file custodian with respect to maintenance and document
removal.

The laboratory will be responsible for maintaining
analytical log books and laboratory data. Raw laboratory data files will be
inventoried and maintained by the laboratory for a period of five years, at
which time the Project Manager will advise the laboratory regarding the need
for additional storage.
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12.6 CALIBRATION PROCEDURES AND FREQUENCY

This section describes procedures for maintaining the
accuracy for all the instruments and measuring equipment which will be
used for conducting field tests and laboratory analyses. These instruments
and equipment will be calibrated prior to each use or on a scheduled, periodic
basis.

12.6.1 Field Instruments/Equipment

Instruments and equipment used to gather, generate or
measure environmental data will be calibrated with sufficient frequency and
in such a manner that accuracy and reproducibility of results are consistent
with the manufacturer's specification and the procedures in the SOPs in
Appendix 12.1.

Equipment to be used during the field sampling will be
examined to certify that it is in operating condition. This includes checking
the manufacturer's operating manual for each instrument to ensure that all
maintenance requirements are being observed. Field notes from previous
sampling trips will be reviewed so that the notation on any prior equipment
problem are not overlooked, and all necessary repairs to equipment have
been carried out.

12.6.1.1 Field Instrument Calibration

Calibration of the field instruments will be done prior to
the collection of each water sample if well purging data indicate a change
(>±10 percent) in pH and/or conductivity from the last location sampled.
Calibration of field instruments will be conducted at least daily during
groundwater sampling. The field equipment will be maintained, calibrated
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and operated in a manner consistent with the manufacturer's guidelines and
the field SOPs in Appendix 12.1.

12.6.2 Laboratory Instruments

Calibration of laboratory equipment will be based on
approved written procedures. Records of calibration, repairs, or replacement
will be filed and maintained by the designated laboratory personnel
performing quality control activities. These records will be filed at the
location where the work is performed and will be subject to QA audit. For all
instruments, the laboratory will maintain a properly trained repair staff with
in-house spare parts or will maintain service contracts with vendors.

The records of calibration will be kept as follows:

1) If possible, each instrument will have record of calibration
permanently affixed with an assigned record number.

2) A label will be affixed to each instrument showing description,
manufacturer, model numbers, date of last calibration and by whom
calibrated (signature), due date of next calibration and compensation or
correction figures, as appropriate.

3) A written stepwise calibration procedure will be available for each piece
of test and measurement equipment.

4) Any instrument that is not calibrated to with the manufacturer's
original specification will display an appropriate warning tag.

Specific calibration procedures are detailed in the
associated SOPs presented in Appendix 12.1.
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12.7 ANALYTICAL PROCEDURES

The samples collected for chemical analyses will be
analyzed using the methods listed in Table 12.8 and detailed in the respective
SOPs included in Appendix 12.1. The rationale for selection of the parameters
is based on the Statement of Work referenced in Section 12.1. It should be
noted that at the end of the first year of monitoring, the results shall be
evaluated and reviewed and a Site-specific parameter (indicator) list (SSPL)
will be developed and submitted to USEPA and OEPA for modification
and/or approval. Samples collected from subsequent monitoring events will
be analyzed for the approved SSPL.
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TABLE 12.8

SUMMARY OF ANALYTICAL METHODS
SUMMIT NATIONAL SUPERFUND SITE

DEERHELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Matrix

Sediment

Groundwater

Surface Water

Residential Water

Effluent Water

Air

Parameter

TCLVOC
TCLSVOC
TCLPCB/Pesticides
TAL Metals
Cyanide

TCLVOC
TCLSVOC
TCLPCB/Pesticides
TAL Metals
Cyanide

TCLVOC
TCLSVOC
TCL PCD/Pesticides

TCLVOC
TCLSVOC
TCL PCB/Pesticides
TAL Metals

Cyanide

OEPAVOC
OEPABNA
OEPA Metals

PPLVOC

Method of Analysis

SOPforSW-846 2 8240
SOP for SW-846 3550,8270
SOP for SW-846 3550,8080
SOP for SW-846 3050,6010/7000 series
SOP for SW-846 9010

SOP for SW-846 8240
SOP for SW-846 3520,8270
SOP for SW-846 3520,8080
SOP for SW-846 3005,3020,6010/7000 series
SOP for SW-846 9010

SOP for SW-846 8240
SOP for SW-846 3520,8270
SOP for SW-846 3520,8080

SOP for SW-846 8260 (low level)
SOP for SW-846 3520,8270 (low level)
SOP for SW-846 3520,8080 (low level)
SOP for SW-846 3005,3020,6010/7000 series
(low level)
SOP for SW-846 9010 (low level)

SOP for SW-846 3 8240
SOP for SW-846 8270
SOP for SW-846 3005,3020,6010/7000 Series

SOPforEPA-MCA 624/TO-144

1 TCL
VOC

= Target Compound List
= Volatile Organic Compounds

SVOC = Semi-volatile Organic Compounds
PCB = Polychlorinated Biphenyls
OEPA = Ohio Environmental Protection Agency final effluent monitoring requirements
BNA = Base/Neutral and Acid Extractable Organic Compounds
PPL = Priority Pollutant List

2 SW-846 - 'Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods", EPA SW-846,
3rd edition, November 1986.

3 EPA-MCA - "Methods for Organic Chemical Analysis of Industrial and Municipal Wastewater",
EPA 600/4-82-057, July 1982.

4 TO-14 - "The Determination of Volatile Organic Compounds (VOCs) in Ambient Air Using Summa®
Passivated Canister Sampling and Gas Chromafographic Analysis", USEPA Compendium Method TO-14.
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12.8 INTERNAL QUALITY CONTROL CHECKS AND FREQUENCY

This section presents the internal quality control checks
which will be employed for field and laboratory measurements and the
frequencies at which they will be performed.

12.8.1 Fj

Quality control procedures for field measurements will be
limited to checking the reproducibility of the measurement in the field by
obtaining multiple readings and by calibrating the instruments (where
appropriate).

Quality control of field sampling will involve collecting
field duplicates and field blanks in accordance with the applicable procedures
and frequencies described in Sections 12.3.1 and 12.4, and the level of effort
indicated in Table 12.1.

12.8.2 Laboratory OC

Specific procedures related to internal laboratory QC
samples (namely, matrix spikes, surrogate spikes, blanks, QC check samples
and matrix spike duplicates) are detailed in the following subsections.

The internal QC checks for the methods of analyses will
follow the appropriate methods specified in Table 12.8, and criteria outlined
in the applicable SOPs presented in Appendix 12.1.
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12.8.2.1 Initial and Continuing Calibration Checks

The compliance requirements for satisfactory instrument
calibration are established to ensure that the instrument is capable of
producing acceptable quantitative data. The initial calibration demonstrates
that the instrument is capable of acceptable performance at the beginning of
an analysis run, while the continuing calibration checks document that the
initial calibration is still valid, and that satisfactory maintenance and
adjustment of the instrument on a day-to-day basis is achieved. The specific
control criteria and action requirements for these calibrations will be as
specified in the SOPs presented in Appendix 12.1.

12.8.2.2 Internal Standards Performance

The internal standards performance criteria ensure that
GC/MS sensitivity and response is stable during every run. Acceptance
criteria will be as specified in the referenced methods and detailed in the SOPs
presented in Appendix 12.1.

12.8.2.3 Method Blank Samples

A method blank sample will be analyzed by the laboratory
at a frequency of one blank per twenty analyses or, in the event that an
analytical round consists of less than twenty samples, one method blank
sample will be analyzed. The method blank sample, an aliquot of analyte-free
water or suitable solid material (sodium sulfate, Ottawa sand), will be carried
through the entire analytical procedure.
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12.8.2.4 MS/MSP and MS/PUP Samples

A MS/MSD sample set will be analyzed at a minimum
frequency of one per twenty organic investigative samples. A MS/DUP or
MS/MSD sample set will be analyzed for inorganic analyses at the same
frequency as MS/MSD samples. Acceptance criteria and compounds that will
be used for matrix spikes are identified in the SOPs in Appendix 12.1. Percent
spike recoveries will be used to evaluate analytical accuracy while relative
percent difference between the spike and matrix spike duplicate will be used
to assess analytical precision.

12.8.2.5 Surrogates

Surrogates are used in all GC and GC/MS analyses. Every
blank, standard, and environmental sample including MS/MSD samples will
be spiked with surrogate compounds prior to purging volatiles or extracting
semi-volatiles.

Surrogates will be spiked into samples according to the
appropriate analytical methods. Surrogate spike recoveries will fall within
the control limits set by procedures specified in the method for analytes
falling within the quantisation limits without dilution. Dilution of samples
to bring the analyte concentration into the linear range of calibration may
dilute the surrogates out of the quantisation limit; assessment of analytical
quality in these cases will be based in the quality control embodied in the
check, matrix spike and matrix spike duplicate samples. Surrogate
compounds recovery control limits will be those presented in the SOPs in
Appendix 12.1.
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12.8.2.6 Laboratory Duplicate Analysis

Laboratory duplicate analyses are indicators of laboratory
precision based on each sample matrix used for inorganic analyses associated
with this project. Specified control criteria and action levels will be consistent
with that specified in the SOPs in Appendix 12.1.

12.8.2.7 Blind Check Samples

As supplied by the agencies, an analytical batch may
contain a blind check sample. In general, the blind check sample will be
obtained from USEPA or OEPA and supplied to CRA. The analytes employed
in this check sample will be a representative subset of the analytes of interest.
The percent recovery will be calculated for analytes from the check samples as
defined in Section 12.12.3.

12.8.2.8 Trip Blank Samples

Trip blank samples will be submitted with volatile organic
monitoring well samples only, and will be used to determine if
cross-contamination occurs during the shipment of investigative samples.
Trip blank samples are prepared in the laboratory, prior to the sampling
event, by filling two preserved 40-mL vials with organic-free deionized water.
The trip blank samples are kept with the investigative samples throughout
the duration of the sampling event, and upon return to the laboratory, are
analyzed for VOC to determine the presence of organic compounds
introduced during storage and shipment.
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12.9 DATA REDUCTION. VALIDATION AND REPORTING

The project laboratory will perform analytical data
reduction and review in-house under the direction of the laboratory QA
Officer. The laboratory QA Officer will be responsible for assessing data
quality and advising of any data which were rated "preliminary" or
"unacceptable" or other qualifications based on the established QC criteria.
The laboratory will provide Level HI (or equivalent) deliverables. Data
reduction, review and reporting by the laboratory is typically conducted as
detailed in the following procedure.

1. Raw data produced and checked by the responsible analyst is turned
over for independent review by another analyst.

2. The area supervisor reviews the data for attainment of quality control
criteria established by the QAPP.

3. The area supervisor will decide whether any sample re-analysis is
required.

4. Upon completion of all reviews and acceptance of the raw data by the
supervisor, a report will be generated and sent to the Project Manager.

5. The Project Manager will complete a thorough inspection of all reports.

6. Upon acceptance of the preliminary reports by the Project Manager,
final reports will be generated and signed by the laboratory Operations
Manager or his designee.

7. A thorough review of a percentage of all data packages is performed by
the laboratory Quality Assurance Officer or his designee.
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Field data from direct-reading instruments (pH,
conductance, temperature) will not require reduction. Laboratory data
reduction will be performed using the equations in the SOPs provided in
Appendix 12.1.

CRA's QA/QC Officer - Analytical and Field Activities
will conduct an evaluation of data reduction and reporting by the laboratory.
These evaluations will consider the finished data sheets, field blank data and
recovery data for surrogate and matrix spikes. The material will be checked
for legibility, completeness, correctness and the presence of requisite dates,
initials, and signatures. The results of these checks will be assessed and
reported to the Engineering Consultant's Project Manager noting any
discrepancies and their effect upon the acceptability of the data. All
information garnered for QA/QC checks will be discussed in a QA/QC
Validation report.

Validation of the analytical data will be performed by
CRA's QA/QC Officer - Analytical and Field Activities based on the applicable
evaluation criteria outlined in "National Functional Guidelines for Organic
Data Review", Draft December 1990, revised June 1991 and "Laboratory Data
Validation Functional Guidelines for Evaluating Inorganics Analysis", Draft
October 1989. The assessment of analytical and field data will include checks
for adherence to laboratory QA procedures and accuracy and precision criteria;
and the presence of transmittal errors and anomalously high or low
parameter values. The results of these data validations will be reported to the
Project Manager, noting any problems and their effect upon the acceptability
of the data.

Data produced from field measurements and sample
collection activities that are used in the project reports will be appropriately
identified and appended to the report. Where data have been reduced or
summarized, the method of reduction will be documented in the report. In
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addition, field data will be audited for anomalously high or low values that
may appear to be inconsistent with other data.

Laboratory data packages for chemical analyses will consist
of the following deliverables:

i) a case narrative that includes a summary of analytical methods used
and a description of any unusual action or conditions;

ii) dates of sample receipt, extraction/digestion and analysis;

iii) laboratory and field sample identification numbers;

iv) samples results in tabular format;

v) method blank sample summaries;

vi) surrogate compound recovery data and control limits;

vii) MS/MSD and MS/DUP recovery and RPD data and control limits;

viii) check sample data; and

ix) executed chain-of-custody forms.

The data packages will be stored with the evidentiary files
as described in Section 12.5.4. The USEPA and OEPA, upon request, will
receive (within 30 days of receipt) all raw data packages from the project
laboratories.
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12.10 PERFORMANCE AND SYSTEM AUDITS

Performance and system audits of both field and
laboratory activities will be conducted to verify that sampling and analysis are
performed in accordance with the procedures established in the QAPP. The
audits of field and laboratory activities include two separate independent
parts: internal and external audits.

12.10.1 Field Audits

Internal audits of field activities (sampling and
measurements) will be conducted by the QA/QC Officer - Analytical and Field
Activities. The audits will include examination of field sampling records,
field instrument operating records, sample collection, handling and
packaging compliance with the established procedures, maintenance of QA
procedures, chain-of-custody, etc. These audits will be conducted to correct
deficiencies, and to verify that QA procedures are maintained throughout the
remediation. The audits will involve review of field measurement records,
instrumentation calibration records and sample documentation.

Any external audits will be conducted by OEPA or USEPA
Region V.

12.10.2 Laboratory Audits

The internal performance and system audits of the
laboratory may be conducted by the QA/QC Officer. The system audits, which
will be conducted as deemed necessary by the CRA's Project Manager or
QA/QC Officer - Analytical and Field Activities and will include examination
of laboratory documentation of sample receiving, sample log-in, sample
storage, chain-of-custody procedure, sample preparation and analysis,
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instrument operating records, etc. The performance audits will be conducted
on a quarterly basis. Blind QC samples will be prepared and submitted along
with project samples to the laboratory for analysis throughout the project.
The laboratory QA Officer will evaluate the analytical results of these blind
performance samples to ensure the laboratory maintains acceptable
performance.

Any external audits of the laboratories will be conducted
by OEPA or USEPA Region V.
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12.11 PREVENTIVE MAINTENANCE

All analytical instruments to be used in this project will be
serviced by the laboratory personnel at regularly scheduled intervals in
accordance with the manufacturer's recommendations. Instruments may
also be serviced at other times due to failure. Requisite servicing beyond the
abilities of the laboratory personnel will be performed by the equipment
manufacturer or its designated representative.

Daily checks of each instrument will be by the analyst who
has been assigned responsibility for that instrument. This will include
changing GC inlet liners, tuning GC/MS, checking operation of data systems,
checking for leaks, etc. Manufacturer's recommended procedures will be
followed in every case.

Table 12.9 presents routine preventive maintenance for
laboratory and field instruments.
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TABLE 12.9

ROUTINE PREVENTIVE MAINTENANCE
PROCEDURES AND SCHEDULES

SUMMIT NATIONAL SUPERFUND SITE
DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Gas Chromatograph/Mass
Spectrometer (GC/MS)

Gas Chromatograph

1. Replace pump oil as needed.
2. Change septa weekly or as often as needed.
3. Change gas line dryers as needed.
4. Replace electron multiplier as often as needed.
5. Replace gas jet splitter as needed.
6. Replace GC injector glass liner weekly or as

often as needed.
7. Replace GC column as needed.
8. Check to ensure that gas supply is sufficient

for the day's activity, and the delivery
pressures are set as described in the SOP.

9. Check to ensure the pressure on the primary
regulator never runs below 100 psi.

1. Change septa weekly or as often as needed.
2. Change gas line dryers as needed.
3. Replace GC injector glass liner weekly or as

often as needed.
4. Replace GC column as needed.
5. Clean/replace GC detector as needed.
6. Check to ensure that gas supply is sufficient

for the day's activity, and the delivery
pressures are set as described in the SOP.

7. Check to ensure the pressure on the primary
regulator never run below 100 psi.

1. Syringes
2. Septa
3. Various electronic components
4. Glass jet splitter
5. GC column
6. Glass liner

1. Syringes
2. Septa
3. Detectors
4. Glass liner
5. GC column
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TABLE 12.9

Purge and Trap
Sample Concentrator

Graphite Furnace
Atomic Spectrophotomer
(GFAA)

Mercury Analyzer

1.
2.

3.
4.

5.

1.
2.
3.
4.

5.

1.

ROUTINE PREVENTIVE MAINTENANCE
PROCEDURES AND SCHEDULES

SUMMIT NATIONAL SUPERFUND SITE
DEERHELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Replace trap as needed.
Decontaminate the system after running
high concentration samples or as required
by blank analysis.
Leak check system daily and as often as needed
Check to ensure the gas supply is sufficient for
the day's activity, and the delivery pressures
are set as described in the SOP.
Check to ensure the pressure on the primary
regulator never run below 100 psi.

Change graphite tube contact rings as needed.
Change D2 background correction lamp.
Clean quartz window as necessary.
Check to ensure the gas supply is sufficient
for the day's activity, and the delivery
pressures are set as described in the SOP.
Check graphite tubes and replace as necessary.

Clean tubing and quartz cell weekly or as
often as needed.

2. Clean aspirator as necessary.
3. Check to ensure the gas supply is sufficient

pressures are set as described in the SOP.

1. Spare traps
2. Spare sparger
3. Various electronic components/

circuits
4. Plumbing supplies - tubing fitting

1. Contact rings
2. D2 arc lamp
3. Spare lamps

1. Quartz cells

2. Aspirator
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Inductively Coupled
Plasma Spectrometer (ICP)

TABLE 12.9

ROUTINE PREVENTIVE MAINTENANCE
PROCEDURES AND SCHEDULES

SUMMIT NATIONAL SUPERFUND SITE
DEERFIELD TOWNSHIP OF PORTAGE COUNTY, OHIO

1. Clean torch assembly and mixing chamber
when discolored or after eight hours of
running high dissolved solid samples

2. Clean nebulizer as needed.
3. Check to ensure the gas supply is sufficient

for the day's activity pressures are set
as described in the SOP.

1. Spare torch mixing chambers
2. Spare nebulizer

pH Meter 1. Check battery (if used in field); and replace
if discharged.

2. After use in samples containing free oil,
wash the electrode in soap and rinse
thoroughly in water. Immerse the lower
third of the electrode in diluted HC1 (1:9)
solution for 10 minutes to remove any film
formed. Rinse thoroughly with water.

3. Keep electrode properly filled with
appropriate filling electrolyte solution.

1. Standard buffers
2. Electrolyte filling solution
3. Spare electrode

Specific Conductivity
Meter

1. Check battery (if used in field); and replace
2. After use in samples containing free oil,

wash the electrode in soap and rinse
thoroughly with water.

1. Standard solution if discharged
2. Spare electrodes
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TABLE 12.9

ROUTINE PREVENTIVE MAINTENANCE
PROCEDURES AND SCHEDULES

SUMMIT NATIONAL SUPERFUND SITE
DEERHELD TOWNSHIP OF PORTAGE COUNTY, OHIO

Electric Water Level Meter 1. Check battery and replace if needed. 1. Probes, tapes, cable reels, batteries
2. Check connection between probe and tape periodically.

Repair with electrical tape if required.
3. After use, wash the probe and reel in soap and rinse

thoroughly with distilled water
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12.12 SPECIFIC ROUTINE PROCEDURES USED TO ASSESS
DATA PRECISION. ACCURACY AND COMPLETENESS

The following sections include the procedures and
formulae utilized to assess the levels of precision, accuracy and completeness
achieved during the associated sample analyses.

12.12.1 Field Measurements

Field data will be assessed by the QA/QC Officer Analytical
and Field Activities who will review the field results for compliance with the
established QC criteria that are specified in the QAPP. Accuracy of the field
measurements will be assessed using daily instrument calibration, calibration
check, and analysis of blanks. Precision will be assessed on the basis of the
reproducibility of duplicate readings of a single sample. Data completeness
will be calculated using the following equation:

, v Valid (Usable) Data Obtained
Completeness (%) = ——Total Data Planned—— X 10°

The required level of completeness will be 90 percent or
greater.

12.12.2 Laboratory Data

Laboratory results will be assessed for compliance with
required precision, accuracy, completeness and sensitivity as follows:
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12.12.2.1 Precision

Precision of laboratory analysis will be assessed by
comparing the analytical results between MS/MSD for organic analysis, and
MS/MSD or laboratory duplicate analyses for inorganic analysis. The relative
percent difference (RPD) will be calculated for each pair of duplicate analyses
as discussed in Section 12.12.3.

12.12.2.2 Accuracy

Accuracy of laboratory results will be assessed for
compliance with the established QC criteria that are described in Sections 12.3
and 12.8 of the QAPP using the analytical results of method blanks,
reagent/preparation blank, MS/MSD samples, field blank and trip blanks.
The percent recovery (%R) of matrix spike samples will be calculated as
discussed in Section 12.12.3.

12.12.2.3 Completeness

Completeness will be assessed by comparing the number
of usable results to the total possible number of results using the formula
presented in Section 12.12.1. The required level of completeness for
laboratory analyses will be 90 percent or greater.

12.12.2.4 Sensitivity

The achievement of targeted quantisation limits depend
on instrumental sensitivity and matrix effects. Therefore, it is important to
monitor the instrumental sensitivity to ensure the data quality through
constant instrument performance. The instrumental sensitivity will be
monitored through the analysis of method blank and calibration check
standards.
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12.12.3 Statistical Evaluations

In examination of data and determination of its precision
and accuracy, standard statistical formulae will be used.

12.12.3.1 Arithmetic Mean

The arithmetic mean is the average obtained by dividing a
sum by the number of its addends. A number of recovery results are
averaged together to improve the accuracy of the measurement. Figure 12.3,
equation 1 summarizes the formula to be used to determine the arithmetic
mean.

12.12.3.2 Standard Deviation

The standard deviation is the square root of the average
squared difference between the individual values and the average value. A
number of recovery results are evaluated to find the numerical variation in
the data which is then used in the determination of the percent relative
standard deviation. Figure 12.3 equation 2 summarizes the formula to be
used to determine the standard deviation.

12.12.3.3 Percent Relative Standard Deviation (%RSD)

The percent relative standard deviation is obtained by
dividing the standard deviation of the values by the arithmetic mean of the
values. The %RSD is calculated on a series of measurements to evaluate an
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Equation 1 Determination of Arithmetic Mean ( X)

B where n = number of measurements

~ i=l Xj = value of measurements
n

Equation 2 Determination of Standard Deviation (ffn-l)y"^~^^~~™^"^"^^~~~"~
R _ where n = number of measurements

Ar (Xi-X)2

i=l______ Xj = value of measurements
——E~=l——— X = arithmetic mean

Equation 3 Determination of Percent Relative Standard Deviation (% RSD)

a where ffn-l = standard deviation
% RSD = _ x 100 _X X = arithmetic mean

Equation 4 Determination of Percent Recovery (% R)

SSR-SR where SSR = Spiked Sample Result
9f p « .̂n^^^^^^™^^^ v i ort

SA SR = Sample Result or Background

SA = Spike Added

Equation 5 Determination of Relative Percent Difference (RPD)

where Ri = value of first result
|R1-R2| %

*x 100 ^2 ~ vall*e of second result

figure 12.3
STATISTICAL FORMULAE

SUMMIT NATIONAL SUPERFUND SITE
Deerfield Township Of Portage County, Ohio
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instruments analytical precision (e.g., initial calibration). Figure 12.3,
equation 3 summarizes the formula to be used to determine %RSD.

12.12.3.4 Percent Recovery f%R)

The percent recovery of a parameter is obtained by
dividing the amount recovered by the true amount added and multiplying by
100. The percent recoveries of spiked samples are evaluated to establish the
analytical accuracy of a measurement. Figure 12.3, equation 4 summarizes the
formula to be used to determine the percent recovery.

12.12.3.5 Relative Percent Difference (RPD)

The relative percent difference is obtained by dividing the
difference between two numbers by their arithmetic mean and multiplying by
100. The RPD is used to evaluate the analytical precision of two replicate
measurements (e.g., matrix spike/matrix spike duplicate). Figure 12.3,
equation 5 summarizes the formula to be used to determine RPD.
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12.13 CORRECTIVE ACTION

Corrective action is the process of identifying,
recommending, approving and implementing measures to counter
unacceptable procedures or out of quality control performance which can
affect data quality. Corrective action can occur during field activities,
laboratory analyses, data validation and data assessment. All corrective action
proposed and implemented will be documented.

12.13.1 Field Corrective Action

Corrective action in the field may be necessary when the
sample network is changed (i.e. more/less samples, sampling locations other
than those specified in the QAPP), sampling procedures and/or field
analytical procedures require modification, due to unexpected conditions.
USEPA and OEPA will be notified of any field changes. In general, the field
sampling team may identify the need for corrective action. The field
sampling team, in consultation with the QA/QC Officer - Analytical and Field
Activities, will recommend a corrective action. The QA/QC Officer -
Analytical and Field Activities will approve the corrective action which will
be implemented by the field team. It will be the responsibility of the QA/QC
Officer - Analytical and Field Activities to ensure the corrective action has
been implemented.

Corrective action resulting from internal field audits will
be implemented immediately if data may be adversely affected due to
unapproved or improper use of approved methods. The QA/QC Officer -
Analytical and Field Activities will identify deficiencies and recommended
corrective action to the Project Manager. Implementation of corrective
actions will be performed by the QA/QC Officer - Analytical and Field
Activities and field team. Corrective action will be documented in quality
assurance reports to management.
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12.13.2 Laboratory Corrective Action

Corrective action in the laboratory may occur prior to,
during and after initial analyses. A number of conditions such as broken
sample containers, multiple phases, low/high pH readings, potentially high
concentration samples may be identified during sample log-in or just prior to
analysis. Following consultation with analysts and section leaders, it may be
necessary for the laboratory QA Officer to approve the implementation of
corrective action. The submitted SOPs specify some conditions during or after
analysis that may automatically trigger corrective action or optional
procedures. These conditions may include dilution of samples, additional
sample extract cleanup or automatic reinjection/reanalysis when certain QC
criteria are not met.

The calibration acceptance/rejection criteria presented in
the SOPs presents examples of situations requiring corrective action for each
analytical instrument. In addition, the SOPs in Appendix 12.1 each provide a
section on corrective action requirements.

The bench chemist will identify the need for corrective
action. The Operations Manager or section leaders, in consultation with the
laboratory supervisor and staff, will approve the required corrective action to
be implemented by the laboratory staff. The laboratory QA Officer will ensure
implementation and documentation of the corrective action.

These corrective actions are performed prior to release of
the data from the laboratory. The corrective action will be documented in
both the laboratory's corrective action report and the case narrative report
sent from the laboratory.
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The need for corrective action may also be identified
during systems or performance audits. In these cases, the need for corrective
action will be identified by the auditor and the corrective action taken to
resolve the problem will be documented by the laboratory QA Manager. The
corrective action taken will depend upon the QA/QC criteria which was
violated. All problems requiring corrective action and the corrective action
taken will be reported to the laboratory Project Manager.

12.13.3 Corrective Action During Data Validation and Data Assessment

The QA/QC Officer - Analytical and Field Activities may
identify the need for corrective action during either the data validation or
data assessment. Potential types of corrective action may include resampling
by the field team or re-injection/reanalysis of samples by the laboratory.

These actions are dependent upon the ability to mobilize
the field team, whether the data to be collected is necessary to meet the
required quality assurance objectives (e.g. the holding time for samples is not
exceeded). When the QA/QC Officer - Analytical and Field Activities
identifies a corrective action situation, the Project Manager will be responsible
for approving the implementation of corrective action, including resampling,
during data assessment.
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12.14 QUALITY ASSURANCE REPORT TO MANAGEMENT

Management (including USEPA and OEPA) will receive
reports on the performance of the measurement system and data quality on
an annual basis. These reports will be included in the evaluation reports on
the effectiveness monitoring program that will be submitted to USEPA and
OEPA on an annual basis.

Minimally, these reports will include:

1. assessment of measurement quality indicators, i.e., data accuracy,
precision and completeness;

2. any changes in the QA/QC program;
3. results of system audits; and
4. QA problems, action taken and resolutions.

The QA/QC Officer - Analytical and Field Activities will
be responsible within the organizational structure for preparing these reports.
The final report for the project will also include a separate QA section which
will summarize data quality information contained in the periodic QA/QC
reports to management, and details an overall data assessment and validation
in accordance with the data quality objectives outlined in this QAPP.
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pH/TEMPERATURE

Scope and Application: This method is applicable to surface water, wastewater and
groundwater.

Method: Potentiometric

Reference: "Methods for Chemical Analysis of Water and Wastes:",
EPA-600/4-79-020, revised March 1983, Method 150.1

Sensitivity: 0.01 pH unit; 0.1 °C

Optimum Range: pH 1.00 to 12.00; temperature 0 to 100 °C

Sample Handling: Determined on site

Reagents and Apparatus:

1. Temperature compensated pH meter, Fisher Scientific Accumet Series
1000 or equivalent;

2. Combination pH electrode;

3. Temperature sensor;

4. pH buffer solutions, pH 4.00, 7.00, and 10.00 (certified buffer solutions);

5. Deionized water in wash bottle.

Calibration:

1. Press On/Off key to turn meter on. If pH indicator in main display area
is not on, press pH key to place meter in pH mode.

Main display will show pH reading. If ATC probe is attached,
temperature reading will appear in center display. If meter was
previously standardized, buffers used will be shown in lower display.

2. Set pH display resolution by pressing Exp key until desired resolution is
shown.

3. Clear current standardization points by pressing Stdz key. Then, within
four seconds, press Clear key. Current standardization points will be
removed from instrument memory.

2372(35) SOI*
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4. Immerse electrodes in pH 4.00 buffer. Press Stdz key to begin
standardization.

Nominal (25 °C) value for buffer will begin flashing in lower,
Standardization Values display. Main display will track electrode output
in millivolts. When electrode output stabilizes, buffer value will cease
flashing and remain on.

5. Rinse electrodes and immerse in pH 7.00 buffer. Press Stdz key to begin
standardization with this buffer.

In lower display, nominal (25 °C) value for second buffer will begin
flashing, while value for first buffer remains on. Main display will track
electrode output in millivolts. When electrode output stabilizes, second
buffer value will cease flashing and also remain on.

6. Rinse electrodes and immerse in pH 10.00 buffer. Press Stdz key to begin
standardization with this buffer.

In lower display, nominal (25 °C) value for third buffer will begin
flashing, while values for first and second buffers remain on. Main
display will track electrode output in millivolts. When electrode output
stabilizes, third buffer value will cease flashing and also remain on.

7. Rinse electrode with deionized water and place in pH 7.00 buffer. If
meter reading is not 7.00, follow Steps 4 to 7 again.

Procedure:

1. Calibrate meter using calibration procedure.

2. Pour the sample into clean sample jar or plastic cup.

3. If stability bar is not currently on, press Auto key. Otherwise, press pH
key. This initiates measurement of first sample pH.

Stability bar will flash and main display will begin to track sample pH.
When both electrode output and ATC stabilize, stability bar will remain
on with pH reading locked.

4. Record temperature and pH of the sample in the logbook.

5. Repeat steps 3 and 4 for each sample.

2372(35) SOP*



SOP Number: PHT-CRA-94
Revision Number: 0
Date: 1-14-94
Page Number 3 of 3

6. Recheck calibration with pH 7.00 buffer solution after a minimum of
every 10 samples and after the last sample.

Quality Control:

1. Duplicate 1 out of 10 samples. If less than 10 samples are analyzed, a
duplicate is still required. Duplicates must be ±0.2 pH units.

If the results are outside of the control limits, rinse electrodes and repeat
analysis. If results are still outside of the control limits, recollect samples
and repeat analysis. If the results are still outside of the control limits,
check calibration and recalibrate if necessary (see item 2, below). If drift is
suspected to be the cause of the problem, clean the electrode and
recalibrate. If drift is still apparent, replace electrode.

2. Calibration check results must be ±0.10 pH unit of the true value. If the
result is outside of ±0.10 pH unit, rinse electrodes and check solution
again. If still outside the control limit, recalibrate the meter and
reanalyze all samples analyzed since the last in control calibration.

3. All glassware is to be soap and water washed, tap rinsed and deionized
water rinsed prior to analyses unless pre-deaned sample jars are used.

Interferences:

Interferences in pH measurements occur with presence of weak organic and
inorganic salts and oil and grease. If oil and grease are visible, note in
logbook. Clean electrode with soap and water, followed by 10% HC1 and
deionized water. Then recalibrate meter before analysis of next sample.

2372(35) SOP*
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CONDUCnVITY

Scope and Application: This method is applicable to surface water, wastewater and
groundwater.

Method:

Reference:

Sensitivity:

Optimum Range:

Sample Handling:

Reagents and Apparatus:

Specific Conductance

"Methods for Chemical Analysis of Water and Wastes"
EPA-600/4-79-020, revised March 1983, Method 120.1

10 umhos/cm

10-20,000 umhos/cm

Determine on site

1. Conductivity meter - Cambridge Scientific Industries Model 301353 or
equivalent;

2. Deionized water;
3. Conductivity standard, 1,413 umhos/cm @ 77 °F (0.01 M KC1).

Notes:

The conductivity meter is factory calibrated. The calibration is checked using
a solution of known conductance and recalibrated, if necessary.

Recalibration:

To recalibrate conductance, remove black plug revealing the adjustment
potentiometer screw. Add standard solution to cup, discard and refill. Repeat
procedure until the digital display indicates the same value twice in a row.
Adjust the potentiometer until the digital display indicates the known value
of conductance. To increase the digital display reading, turn the adjustment
potentiometer screw counterclockwise (clockwise to decrease).

Procedure:

1. Rinse the inside of sample cup with liquid to be measured. (This is
especially important if samples with a wide range of conductivity are to
be measured.)

2. Fill sample cup.

2372(35) SOPi
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3. Fill sample cup at least 2/3 full. If the sample is hot boiler water, allow to
cool to 160 °F or below.

4. Slide the right hand function switch to 'TEMP" and push the "READ"
button. If temperature reading is not stable, empty and refill cup several
times to bring cup and sample to the same temperature.

5. Read the temperature on the digital display panel and adjust both
temperature compensation knobs accordingly.

6. If the approximate conductance is known, slide the left hand range
selector switch to the proper range.

Example: If you expect the sample to be around 2,000 umhos, slide the
left hand selector switch to x 1,000.

7. Slide the right hand function switch to "COND" and push the "READ"
button.

8. Multiply the digital display reading by the factor indicated by the
position of the left hand range switch to determine conductance.

Example: A display reading of 1.00 with the left hand range selector
switch indicating x 1,000 is:

1.00 x 1,000 or 1,000 umhos/cm

Note: If a single "1" appears on the left hand side of the digital display,
the sample conductance is higher than the selected range. Slide the left
hand (range) selector switch in one step intervals until a 3 or 4 digit
display appears.

Conversely, if a decimal display appears (such as 0.11) move the range
selector switch to the left until a 3 or 4 digit number, 1.00 or larger,
appears on the display. This puts the unit in a range affording the best
accuracy. Caution: A single "1" always means that the conductance is
higher than the selected range.

9. Repeat steps 1 through 8 for remaining samples.

Quality Control:

1. The quality control calibration check standard must be analyzed initially,
after a minimum of every 10 samples and after the last sample. If less
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than 10 samples are analyzed, the calibration standards are still required.
The standards must be within ±10 percent of the true value or the
samples run after the last acceptable check standard are to be reanalyzed.
Record the calibration standard in the field logbook.

2. Duplicate a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate is still required. Duplicate values are to be within
±15% of each other. If outside of this range, reanalyze the samples. If
still outside the acceptance range, recollect sample and reanalyze. If still
out, replace meter.

2372(35) SOP.
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Acceptable p^if^y Lev-1 JAflbL - "...(T)he maximum % defective or the
m«-»"imum number of defective per 100 units that for the purposes of
sampling inspection can be considered satisfactory as a process
average." (MH.-STD-105D) . A 1% AQL indicates that if a large
number of lots are inspected using the sampling plan for a 1% AQL,
LSG runs the risk of delivering 1% defective lots. It does
indicate that 1% of the data will be defective.

- Quantitative limits placed on the precision or
accuracy of quality control checks. When acceptance limits are
exceeded, corrective action and/or qualification of associated
sample results are required.

- The agreement of a measurement (or the mean of multiple
x- measurements) and the true or accepted value. Accuracy describes
( ^_y the bias of a measurement system. It is calculated as percent
— recovery, percent error, or percent difference.

Active BQniceyinti - Equipment that is able to produce data meeting
LSG'a quality control requirements and whose preventive maintenance
program, and documentation of same, are current.

Batch - A set of up to 20 samples and the associated quality control
samples prepared for analysis together.

»*•** - Material that does not contain the analytes of interest (at
detectable levels) that is treated in the same manner as samples in
order to monitor sampling and analysis process for the presence of
contamination. There are many types of blanks which are inserted
into the sampling and analysis sequence at different times:

o Trip Blanks - Reagent water that is shipped to and from the
field to monitor VQA contamination during transport and
storage at the lab.

o Field Blanks - Reagent water that is exposed to the
atmosphere during sampling to monitor atmospheric
contamination during sampling.

o Equipment Blanks - Reagent water that is poured over or
through a sample collection device to monitor the cleanliness

V. V_y of the sampling device.

IMUS CORPORATION
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o Method or Preparation Blanks - Reagent water or, for
soil/sediment/waste matrices, a blank container taken through
the entire analytical process to monitor contamination
introduced during laboratory processing.

o Calibration Blanks - The solvent appropriate to the method
that is introduced to the analytical system at the point of
instrumental measurement to establish and/or monitor the
measurement baseline.

o Holding Blanks - Reagent water that is stored with a set of
samples to monitor VOA contamination during sample storage.

Calibration - The process of establishing the relationship between
measurement response and analyte mass or concentration through the
measurement of materials of known analyte mass or concentration.

o Initial Calibration - Establishment of the ratio of
analytical system response to the amount of analyte present.

o Calibration Verification - A standard prepared from a source
independent of the calibration standards that is introduced
to the analytical system at the point of instrumental
measurement to verify the initial calibration.

o Continuing Calibration Check - Periodic reanalysis of one of
the initial calibration standards to verify the initial
calibration response factor(a).

- A finite, usually predetermined number of samples collected
over a specified period of time from a particular site for a
particular project.

•parability - The confidence with which one set of data can be
compared to another.

•VlHtilMftt - * measure of the amount of valid data obtained from a
measurement system (i.e., data that meets quality objectives)
relative to the amount that was expected to be obtained under
correct normal conditions.

Contract Laboratory PjMEM 2£a£jfjgn£s. eg Work ffitf aoitai - The
analytical protocols defined in the current version of the "USEPA
CLP Statement of Work for Organic Analysis, Multi-Media, Multi-
Concentration" and the "USEPA CLP Statement of Work for Inorganics
Analysis, Multi-Media, Multi-Concentration."
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Control Charting - A method for detecting lack of statistical control
by evaluating the order or grouping of the observations in a set.
(ASTM Manual on Quality Control of Materials, ASTM, 1951.)

Controlled Copy - A copy whose distribution is controlled in the
following manner: each copy is assigned a unique identification
number, recipients must acknowledge receipt of the document in
writing, and revisions are provided automatically to all controlled
copy holders.

Corrective Maintenance ~ Maintenance performed to remedy equipment
malfunction.

Daily - Each day that samples are analyzed.

Data Package - Analytical results, supporting data, and narrative for
one sample delivery group.

Duplicate* - Two replicate measurements.

•PA Approved Methodology - Reference methods from a variety of sources
that have been approved by the EPA for use in analyses performed
for compliance with EPA regulations. The list of EPA-approved
methods frequently includes methods from sources other than the EPA
itself, including ASTM and "Standard Methods for the Examination of
Water and Wastewater," APHA, AWWA, WPCF.

Inactive Igyjpffant - Instruments and equipment that are not able to
produce data meeting LSG's quality control requirements or whose
preventive maintenance program, or documentation of same, are not
current.

Internal standard - A material that will be detected by the
instrument, is not a target analyte, and is not found in the
samples of interest. A constant amount of the internal standard is
spiked into each standard, blank, sample, and quality control
sample. Quantitation of target analytes is automatically adjusted
for variations in internal standard response.

Lab Control ffffHTl* <LC8> - Material of known analyte concentration - a
reference material or spiked blank material - that is introduced to
the analytical system at the start of analysis. The LCS monitors
the accuracy of sample preparation as well as instrumental
measurement.

Matrix Spike (MS) - An aliquot of a sample that is spiked with a known
amount of analyte at the start of analysis. Matrix spikes monitor
the effects of the sample matrix, as well as laboratory processing,
on the accuracy of sample results.

IMUB CORPORATION



Section No.: Appendix A
Revision No.: 0
Date: 11/01/89
Page 4 of 8

A Matrix Spike/Matrix Spike Duplicate (MS/MSD) is two equal
aliquot s of a sample that are spiked with equal amounts of analyte.
MS/MSD 3 provide a measure of precision and accuracy.

n fAjritlMltifi) - The sum of a series of measurements divided by the
number of measurements.

(% D) - A measure of accuracy calculated as
follows :

14 -MC
% D - —————————— x 100%

where Mj - an Initial Measurement (e.g. RF)
Mg - the Current Measurement

Percent Error - A measure of accuracy calculated as the difference
between the true or accepted value and the measured value, relative
to the true or accepted value, expressed in percent. (This
quantity may also be called percent difference when an initial
value replaces the true or accepted value.)

Pe.re.tlrt ltaco»«rv .11 EL - A measure of accuracy calculated as follows:

o For standards and reference materials:

Result
% RS - ————————————— x 100%

True Value

o For matrix spikes (MS) :

SSR - USR
x. 100%*

SA

where SSR - Spiked Sample Result
USR - Unspiked Sample Result
SA - Spike Added

NOTE: This equation does not give a valid measure
of accuracy when USR > 4 x SA.

Ftrf/jrmjnn tTaluation <PK1 flffTlt ~ A reference material that is
submitted for analysis as a "sample* in order to evaluate

; laboratory performance.
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o Blind Performance Evaluation Sample - A PE sample identified
as such to the analyst, but whose true value is unknown to
the analyst.

o Double-Blind Performance Evaluation Sample - A PE sample that
appears to be a routine sample to the analyst.

Preeialon - The agreement of a set of replicate results among
themselves. Precision is measured as Range, Relative Percent
Difference (RPD), or Relative Standard Deviation (RSD).

Preventive MllntiflnilV"^ ~ A program of positive actions for the
reliability required to produce quality results. The program
includes specification checks, calibration, cleaning, lubrication,
reconditioning, adjustments, and testing.

Project - All the work done under a single contract. A project may
involve several cases and extend over several months, or years.

Project rile - All documents relevant to a project, including sample
receipt and check-in records, lab tracking records, lab notebook
pages, and the data package (s) .

Quality Aaaurance Record* - The minimum amount of documentation
necessary to .support the validity of the work, which would allow it
to be recreated if necessary, and which furnishes documentary
evidence of quality.

Random ffmrje ~ A sample selection made so that all elements of the
population have an equal chance of being selected.

Ranoe - A measure of the precision of a set of replicate measurements
calculated as follows:

Range - R,j - ̂

Where: RH - the Highest Result
R^ - the Lowest Result

Reaoent Hater - Hater that is free of the analytes of interest by
virtue of distillation, deionization, and/or activated carbon
treatment. In general, reagent water should meet ASTM Type II
specifications .

Reference Material - Substance for which one or more established
properties are used to calibrate or verify a measurement.
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o Certified Reference Material - A. reference material
accompanied by a certificate issued by an organization
generally accepted as being technically capable to do so.

o Standard Reference Material - Reference material certified by
the National Institute of Standards and Technology (formerly
the National Bureau of Standards) .

- A method as published by a recognized organization,
such as the EPA, NIOSH, ASTM, etc.

Relative Percent Difference fRPP) - A measure of the precision of a
two replicate measurement calculated as follows:

RPD - —————————————— x 100%
1/2 (R! + R2)

where: R^ and R2 are the two results.

Relative Standard Deviation tRflD) - A measure of the precision of a
set of replicate measurements calculated as follows:

s
RSD - —— x 100%

X

where s - the standard deviation of the data
X - the arithmetic mean of the data

RSD is also used as a measure of the linearity of initial
calibration when the RSD of the response factors of the standards
is calculated.

Repeat Meaanrementa - Two or more independent measurements of a
parameter for the same sample at the same laboratory at different
times.

Reolieatea - Samples prepared by dividing a sample into multiple
aliquots that are subsequently analyzed at the same time, under the
same conditions. Duplicates are considered to be two replicates.

RepreaTi«|fc«^tY*Mf* ~ A measure of the degree to which data accurately
and precisely represent sampling point parameters or an
environmental condition.

V ."'
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Response Factor (M*l - The ratio of analytical system response to
analyte concentration or amount:

Response
RP . ——————————————————————————————————————

Standard Mass or Concentration

A Relative Response Factor (RRF) is the response factor relative to
the response factor of the internal standard:

RRF
CIS

CS RIS

where: RS and C- are response and concentration
of the standard

R__ and GIS are response and concen-
tration of the internal standard

Delivery Group JSQGJ. - Each set of 20 field samples within a
case, or each set of field samples within a case received during a
14-day calendar period (said period beginning with the receipt of
the first sample in the group) , whichever is more frequent .

Stand*, rflj f at jyn, - The use of materials of known analyte concentration
to establish response factors.

ffttndlrt Deviation - The square root of the variance of a set of
measurements .

Surrogate gtindlrf - Organic compounds that are similar in chemical
composition to the analytes of interest, but are not generally
found in environmental samples. Surrogate standards are spiked
into all blanks, standards, and samples at the start of analysis.
Surrogates monitor the accuracy of sample preparation as well as
instrumental measurement.

Switching Procedures - Movement to reduced or tightened inspections
based on previous performance.

Xl£& - A distinct analytical procedure that produces results for one
or more analytes. (For example, the cyanide test produces only
cyanide results, while the GC/MS priority pollutant volatiles test
can produce results for more than 20 compounds.)

Pneont rolled Copy - A copy issued for information only. Receipt
acknowledgment is not required. Subsequent revisions are not

' provided.
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- The sum of the square of the
difference between each measurement within a set and the mean of
the set, divided by one less than the number of values in the set.

Weakly - Bach week that equipment is used for sample analysis.

G
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LABORATORY SAMPLE TRACKING

1.0 PURPOSE AND APPLICABILITY

This section of the General Quality Assurance Plan outlines procedures for receipt,
log-in, storage, and tracking samples received for analysis at fixed-base
laboratories.

2.0 RESPONSIBILITIES

2.1 LOGISTIC SUPPORT GROUP LEADER

The Logistic Support Group Leader shall supervise sample receipt and
log-in personnel. The Logistic Support Group Leader also arranges for
sample receipt during off-hours.

2.2 SAMPLE LOG-IN CLERK

The Sample Log-in Clerk shall receive samples during normal working
hours and log in all samples in a timely manner. The Sample Log-in Clerk
is also responsible for notifying Laboratory Group Leaders of the receipt of
samples having limited holding times.

Identify radioactive samples at check-in using the criteria provided in section
3.5.1.

2.3 PROJECT MANAGER

The Project Manager is responsible for reviewing sample log-in for
completeness and accuracy with respect to parameters assigned, invoicing,
and special instructions. If any anomalies are noted during log-in, the
Project Manager contacts the client to resolve them. The Project Manager
is also responsible for final review of deliverables.
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NOTE: The Bioassay Laboratory Group Leader assumes these duties for
bioassay jobs.

2.4 SAMPLE CUSTODIAN

The Sample Custodian is responsible for pH and radioactivity screening,
storage and retrieval of samples, maintenance of the sample storage areas,
moving samples from primary to secondary storage and, under the
supervision of the Hazardous Waste Coordinator, for disposal of samples
in accordance with LSG's waste handling procedures after the appropriate
holding time has lapsed.

2.5 LABORATORY OPERATIONS COORDINATOR

The Laboratory Operations Coordinator is responsible for coordination of
interfadfity !
laboratories.

2.6 RADIATION SAFETY OFFICER - DESIGNEE

interfadfity sample shipment and shipment of samples to subcontract I

The Radiation Safety Officer-Designee (RSOD) is responsible for providing
log-in personnel with a list of clients and projects for which radioactive
samples might be submitted for analysis, and to update the list as
necessary.

The RSOD also trains sample custodians in the proper use of the uR meter
for screening of incoming samples for radioactivity.

2.7 RADIOCHEMISTRY PERSONNEL

Radiochemistry lab personnel take custody of and store samples identified
as radioactive materials if the RSOD is unavailable.
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3.0 PROCEDURE

3.1 SAMPLE RECEIPT AND LOG-IN DURING NORMAL WORKING HOURS
i

3.1.1 All samples are received into the laboratory through sample
receiving. When samples are received during normal working hours,
the Sample Log-in Clerk, Sample Custodian, or a member of the
logistic support department signs and dates the shipping manifest or t
airbill to acknowledge receipt of the shipping containers. Note: Airbills I
must be signed, dated, and retained.

3.1.2 The Sample Log-in Clerk opens the shipping containers to remove
the enclosed sample documents.

CAUTION: Samples may contain potentially hazardous materials at
high levels. OPEN COOLERS WITH CAUTION. If fumes are
apparent or sample containers are broken or leaking, dose the
cooler immediately and reopen it under an operating fume hood.

EXERCISE EXTREME CAUTION WITH BROKEN OR LEAKING
SAMPLES - THEY MAY CONTAIN HAZARDOUS MATERIALS. If
sample tags or accompanying documentation are wet (i.e., possibly
contaminated by leaking samples), seal them in a plastic bag.

3.1.3 The Sample Log-in Clerk removes the samples from the shipping
container(s) and completes the laboratory sample tog-in sheet
(Rgure 7-1 or equivalent). Analyses requested and sample bottles
received are documented using test codes and bottle codes,
respectively. (NOTE: In order to maintain consistency in the codes,
new codes must be requested from the Quality Assurance
Coordinator.)

Any anomalies with the sample containers, such as the following, are
noted on a nonconformance/corrective action (NC/CA) record. (See I
Rgure 15-1.) The NC/CA number is referenced on the log-in sheet. |

• Broken or leaking sample container.
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• Improper sample container.

Improperly preserved sample (with respect to chemical or
temperature preservation).

• Air bubbles in a VOA vial or TOX bottle.

3.1.4 The Sample Log-in Clerk cross-checks the information on the
chain-of-custody record, air bill, sample labels, and sample tags to
determine if discrepancies exist. If so, they are noted on the an
NC/CA record, and the NC/CA number is referenced on the log-in
sheet under anomalies. When all of the information has been
recorded and cross-checked, the Sample Log-in Clerk signs and
dates the laboratory sample log-in sheet.

If log-in of any samples will be delayed until questions regarding the
samples, analyses requested, etc., are resolved with the client, the
samples are fisted on an off-hours sample receipt log (Figure 7-2 or
equivalent) and placed in the sample cooler so that they are not
inadvertently misplaced or forgotten. Samples on hold for more than
two weeks will be returned to the client unless special arrangements
are made with the Laboratory Manager.

3.1.5 The Sample Log-in Clerk physically applies a laboratory sample
number to each bottle. If sample tags are received with the samples,
the laboratory sample number is also applied to these. Care must be
taken to ensure that the sample number does not interfere with
information recorded on the sample label or tag.

The laboratory sample number consists of seven characters, as
follows:

H999999 for samples received at the Houston laboratory

P999999 for samples received at the Pittsburgh laboratory

where "999999" is a six-digit number, which increases consecutively
with each new sample number.
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3.1.6 The Sample Log-in Clerk signs and dates the chain-of-custody
record. I

J
3.1.7 The Sample Log-in Clerk completes the short holding time

parameters worksheet (Figure 7-3 or equivalent) for parameters with
holding times <48 hours. The Inorganics Laboratory Group Leader
checks this form periodically throughout the day and assigns analysis
of the samples manually for the short holding time parameters.

3.1.8 If direct laboratory tracking of sample custody is to be maintained,
the Sample Log-in Clerk completes the top portion of a lab tracking
record (Figure 7-4).

3.1.9 Using the information on the laboratory sample log-in sheet, the
Sample Log-in Clerk completes sample tog-in through the LIMS. This
process is explained in LSG Procedure AP-003, Program Guide for
LSG's Laboratory Information Management System (LIMS).

3.2 RECEIPT OF SAMPLES FOR ANALYSIS BY CLP PROTOCOLS

Log-in and storage of samples to be analyzed by CLP protocols proceeds
as described in section 3.1 above, except that an immediate work sheet ]
(Rgure 7-5 or equivalent) is prepared by the Sample Log-in Clerk. The |
immediate work sheet is distributed to the appropriate Group Leaders to
inform them of the receipt of the samples. Following check-in review, the
sample receipt and log-in documents are filed in the case file.

3.3 RECEIPT OF FIRST PRIORITY (RUSH) SAMPLES

3.3.1 Project Managers must clear acceptance of samples for first priority
analysis through the Laboratory Manager or the Operations
Coordinator, and inform the Logistics Support Manager of their
anticipated arrival. The Project Manager then provides the Sample
Log-in Clerk with the information necessary for sample log-in: client,
job, analyses required, pricing, deliverables, and turnaround
commitment
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3.3.2 Upon receipt of the samples, the Sample Log-in Clerk initiates tog-in
immediately in accordance with section 3.1 above. The Sample
Custodian also performs the pH verification (see section 3.9 below)
immediately. Once the laboratory tracking numbers have been
applied to the sample bottles, the Sample Log-in Clerk distributes an
immediate worksheet (Figure 7-5 or equivalent) to the appropriate I
Group Leaders, and the Sample Custodian stores the samples.

3.4 RECEIPT OF BIOASSAY SAMPLES

3.4.1 The Sample Log-in Clerk, Sample Custodian, or a member of the
logistic support department sign and date the shipping manifest or i
air bill to acknowledge receipt of the shipping containers. The I
shipping containers are then forwarded to the bioassay. i

I
3.4.2 Laboratory personnel inspect the shipping containers and samples,

review the shipping documents, and complete the sample tog-in
sheet following LSG Procedure QA-7, sections 3.1.2 through 3.1.4,
3.1.6, and 3.1.8. Perishable samples are refrigerated if analysis will
be delayed.

3.4.3 The log-in sheet and sample receipt documents are then forwarded
to the Log-in Clerk who assigns sample numbers and completes
sample log-in through the LIMS. A copy of the log-in sheet is
returned to the Group Leader so that sample numbers can be
applied to the sample containers.

3.5 RECEIPT OF RADIOACTIVE SAMPLES AND SAMPLES FOR
RADIOCHEMI£TRY ANALYSIS

This procedure is applicable at LSG facilities possesing a radioactive
materials license and/or performing radiochemistry analyses.

3.5.1 Sample Receiving Personnel

a. Examine the documentation received with each sample
shipment to determine whether the shipper has identified the
samples as containing radioactive materials. If samples are
identified as radioactive, handle them as a radioactive
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material. Notify the RSOD. Samples will be handled as
radioactive materials and be segregated from non-radioactive
samples.

b. Check the client and project site name of each sample
shipment against the list of clients/projects potentially shipping
radioactive materials. (Note: This list is provided by the
RSOD and updated as necessary.)

c. Samples that are not identified by the shipper as radioactive
and that have not been received from clients on the fist
described in step 3.5.1b above are considered to be
non-radioactive and are handled as such.

3.5.2 Sample Custodians

a. If the samples are not identified as radioactive but have been
received from a cfient on the list described in 3.5.1 b above,
survey the sample using the uR survey instrument maintained
in the receiving area as follows. Note: Surveys are to be
performed only by personnel trained by the RSOD.

Also survey all sample containers submitted for
radiochemistry analysis so that samples presenting a potential
cross-contamination problem can be identified. (Note: bench
liner is not required for handling these samples. Gloves are
recommended.)

i. Line the lab bench with absorbent paper and
wear gloves to handle the samples.

ii. Verify that the uR survey meter is within
calibration, i.e., less than six months have
passed from the calibration date. If the
calibration date is exceeded, return the meter to
the RSOD. Obtain another meter for sample
screening.
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Hi. Record the make, model, and calibration date of
the meter on the sample survey record (Figure
7-6 or equivalent).

iv. Perform a battery check and record the result.
If the battery check fails or degrades over time,
notify the RSOD.

v. Turn the scale knob to the lowest scale. Point
the meter away from the samples and measure
ambient background. Record the value on the
survey record.

vi. Place the front end of the meter in contact with
the sample to be measured. Record the sample
number and the instrument reading on the
survey record.

If the needle goes off-scale, select the next
highest scale setting. Repeat until the reading
comes on-scale. Record this final measurement
on the survey record.

b. If a sample reads >1 mR/hr, notify the RSOD immediately.
(Notify the Radiochemistry Group Leader in his/her absence.)
Do not handle the sample further.

If a sample reads >10X background but <1 mR/hr, place a
radioactive materials sticker on the sample and move it to a
controlled radiological area for storage. The sample will be
handled as a radioactive sample; it will be segregated from
nonradioactive samples.

If a sample for radiochemical analysis reads above
background but <10X background, label the sample with a
colored sticker and write the reading on the sticker. This
information will be helpful to radiochemistry lab personnel
from an analytical and cross-contamination prevention
standpoint.
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c. If radioactive samples are received after hours, or when no
member of the Radiochemistry Laboratory is available,
transfer the samples to the radioactive sample staging area
designated by the RSOD.

d. The RSOD will determine the safe handling procedures
appropriate to the radioactivity level of the samples as
described in Appendix-N.

3.6 RECEIPT OF PERFORMANCE EVALUATION (PE) SAMPLES

3.6.1 Upon receipt, external PE samples are given to the local Quality
Assurance Representative (OAR) prior to log-in. (Note:
Radiochemistry PE samples from EMSL-LV are radioactive and are
handled in accordance with LSG Procedure RS-7.0, Handling and
Shipment of Radioactive Materials.) The OAR completes the sample

( log-in sheet, identifying analytes and tests to be run on each sample.
The due date for the completion of analysis is also defined, along

"~" with any special requirements. This information is identified on the
work list.

3.6.2 The external PE samples are returned to the OAR following log-in.
The QAR gives the samples to the Group Leaders along with the
preparation instructions and a copy of the report form. Any special
requirements are discussed at that time.

3.7 RECEIPT OF SAMPLES DURING OFF-HOURS

3.7.1 The Logistic Support Group Leader makes arrangements for an LSG
staff member to receive samples after 5 p.m., on weekends, and on
holidays.

3.7.2 The procedure for maintaining chain of custody and sample integrity
for off-hours sample receipt is shown in flowchart form on Rgure
7-11. Logistic support personnel and other LSG employees working
evenings or weekends must follow this procedure.

3.8 BIOASSAY SAMPLES RECEIVED DURING OFF-HOURS

The procedure described above is followed. Bioassay samples are stored
^ in the locked cooler. The shipping documents are placed in the "NOTICE"

box on the bioassay laboratory door.
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The following working day, bioassay personnel inspect the shipping
containers and samples, review the shipping documents, and complete the
sample log-in sheet following LSG Procedure QA-7, sections 3.1.2 through
3.1.4.

The log-in sheet and shipping documents are then forwarded to the Log-in
Clerk who assigns sample numbers and completes sample log-in through
the LIMS. A copy of the log-in sheet is returned to the Group Leader so
that sample numbers can be applied to the sample containers.

3.9 SAMPLE STORAGE

3.9.1 As soon as possible after the sample tog-in sheet is completed and
prior to sample storage, the Sample Custodian verifies the pH of
chemically preserved, aqueous samples (except VOA and TOX
samples) using broad-range pH paper. The pH check is recorded in
a laboratory notebook. If pH adjustment is required, it is performed
and documented in the notebook. An NC/CA record is opened and
the NC/CA number is documented on the sample log-in sheet under
"Anomalies."

3.9.2 The Sample Custodian places the samples in the appropriate storage
area. Samples for volatile organics analysis are segregated from
other samples to minimize the opportunity for cross-contamination.
Samples requiring preservation at 4°C are stored in refrigerated
storage units. Organic standards and samples must be stored
separately. Samples requiring direct laboratory tracking are
maintained in locked storage units.

Sample storage locations for the. Houston and Pittsburgh facilities are
shown in Tables 7-1 and 7-2, respectively.

3.9.3 Samples are retained in primary storage until work is completed.
Samples are retrieved and stored by Sample Custodians or analysts.
Following generation of the report, the Sample Custodian moves the
samples to secondary storage. Thirty days thereafter, unless
otherwise specified, the samples are disposed of in accordance with
LSG's waste handling procedures.
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3.10 REVIEW OF SAMPLE LOG-IN

3.10.1 Following sample log-in, the laboratory sample log-in sheets,
the documents received with each set of samples, and a
printout from the LIMS of the information entered at sample
log-in are routed to the Project Managers for review of the
following.

• Are the correct preparation and analysis methods assigned?

• Is all of the chain-of-custody information in agreement? Has
laboratory receipt been documented on the field
chain-of-custody record and the air bill?

• Is all sample log-in documentation accounted for?

• Are there any anomalies with sample containers, preservation,
or sample identification that the client should be informed of?
If any anomalies were noted on the laboratory sample log-in
sheet, the Project Manager contacts the client to discuss
resolution of the problem. The Project Manager then notes the
action to be taken on the nonconformance/corrective action
record, which is maintained in the client file, and directs
efforts as necessary to carry out the resolution.

• Is pricing correct?

• Are quality control, deliverables, and lab tracking designations
correct?

Have the necessary special instructions been entered.

If any of the information entered into the LIMS is incorrect, the
Project Manager notes the appropriate changes on a speed letter
(Rgure 7-7 or equivalent). The speed letter is distributed to the
effected Group Leaders to alert them to error. When the changes
have been completed, the Project Manager signs and dates the
laboratory sample log-in sheet.
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3.10.2 After each Project Manager has reviewed the tog-in
documents, the laboratory sample log-in sheets, speed letters
containing corrections, documents received with the samples,
and LIMS printout are forwarded to the Laboratory Operations
Coordinator. The LIMS sample receipt and log-in documents
are then forwarded to the Sample Log-in Clerk who makes
the corrections. Completed corrections are noted on the
speed letter and a copy of the speed letter is returned to the
Project Manager. The laboratory sample receipt and tog-in
documents are maintained in the active jobs file.

3.11 SAMPLE ANALYSIS AND DATA ENTRY

3.11.1 Periodically, the Group Leader prints a work list from the
LIMS. The work list shows the sample number, date sampled,
date received, preparation method, analytical method,
analytes, client, and special instructions for the selected
test(s) and samples. As soon as sample log-in is completed,
the analyses are available for inclusion on the work list.

3.11.2 Working from the work list, immediate work sheet, or short
holding time parameters work sheet, the analyst requests the
appropriate samples from the Sample Custodian. If the
analyst is working during a weekend or evening when a
Sample Custodian is not available, the analyst will retrieve the
samples.

3.11.3 Sample preparation and analysis is documented in laboratory
notebooks and /or on preprinted worksheets. In addition,
instrument output (chromatograms, quantitation reports, etc.)
are printed and retained in files in the laboratory. (See also
LSG Procedure QA-10, section 3.1.1.)

Samples are identified by their full sample number (alpha and
numeric characters) on the log books or preprinted sheets.
Sample identifications may be abbreviated or omitted on
instrument printouts if necessary due to data system
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limitations. They must be correlated with the file name on the
analysis log, and the full file name shown on the instrument
printout.

During sample processing, the last four digits of the sample
number, at a minimum, are transferred to temporary sample
containers such as beakers, flasks, or vials. Final sample
storage containers for distillates, digestates, extracts, etc. are
labelled with the full sample number.

3.11.4 During data entry, the book and page number of the analysis
log record is entered into the LIMS along with the results so
that the raw data are easily retrievable. The process of data
entry is outlined in LSG Procedure AP-003, Program Guide
for LSG's Laboratory Information management System
(LIMS).

3.12 REPORT PREPARATION

3.12.1 Following review and approval of the data at the Laboratory
Group Leader and Laboratory Manager levels, the project
deliverables are assembled. LSG's standard lab analysis
report, which is generated through the LIMS, is shown in
Figure 7-8. This report may be supplemented by a quality
control report, which contains the following supplementary
information, as applicable to the analytes in the report.

• Sample preparation method, batch number, date, time, and
analyst.

Sample analysis method, batch number {if not previously
assigned during sample preparation), date, time, analyst, and
instrument.

• Surrogate standard recovery for organic parameters, by
fraction.

Laboratory control sample recovery for parameters for which
surrogate standards are not feasible.
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Method blank results.

Duplicate and matrix spike or duplicate matrix spike results.

The original copy of the field chain-of-custody record is also
delivered with the report, unless it has been previously returned to
the client.

The lab analysis report and quality control report may be
supplemented with additional information, such as initial and
continuing calibration data or raw data, at the client's request. This
information is assembled manually.

LSG will also prepare full USEPA CLP deliverables for work
performed according to CLP protocols.

( 3.12.2 A complete set of deliverables is given to the Project Manager. I
He/she reviews the final report for completeness and clarity. If
acceptable, the Project Manager authorizes delivery of the package
to the client. If unacceptable, corrections/clarifications are made to
the report as required.

A copy of all deliverables, the laboratory sample log-in sheet, and
documents received with the samples are retained in the client or
project files.

3.13 BIOASSAY REPORT PREPARATION

3.13.1 Upon completion of analysis, the analyst, date and time of
analysis, results, and book and page number are entered into
the LIMS.

3.13.2 Bioassay personnel prepare the laboratory analysis report
containing the information listed in Table 7-3.

3.13.3 The report is reviewed and approved (signed) by the Bioassay
Group Leader and a Quality Assurance Representative prior
to its delivery to the client.
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3.14 CLIENT AND PROJECT FILES

The client files contain the following for each job. (Note: All records will not
be applicable to all jobs.)

Bill of lading/air bill
Reld chain-of-custody records
Sample log-in sheet (and immediate worksheet when generated)
Sample tags
All project-related correspondence (internal and external)
Laboratory tracking records
A complete set of the deliverables
Holding blank data

For CLP projects, these records plus a document inventory (see Rgure 7-9)
and all raw data (\.e., laboratory notebook pages, preprinted work sheets,
and instrument printouts) will be retained in separate, project-specific files.
The Document Custodian will maintain a document inventory for each
project file.

3.15 SAMPLE TRACKING

3.15.1 Indirect Tracking

The handling of all samples may be traced indirectly through the
following documents:

• Field chain-of-custody record (when supplied by the client)
showing custody of samples from the time of collection
through their receipt at the laboratory. Samples are identified
by a field/client identification.

Sample log-in sheet documenting date/time of sample receipt,
custody information received with samples (seals, records,
tags), condition of samples upon receipt. Held/client sample
identification is listed and correlated with a unique laboratory
tracking number Anomalies with sample integrity (physical or
chain of custody) are identified.
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• Analysis togs documenting the date and time of sample
preparation and/or analysis, the analyst, the method used, the
instruments used, etc. Each result reported is traceable to an
analysis log entry. Whenever practical, the logs are
supplemented by instrument output, such as quantitation
reports, chromatograms, etc..

• The laboratory analysis report, which fists results for the
samples. This may be supplemented by a quality control
report, which provides the additional information listed above,
or it may be replaced by a CLP data package.

3.15.2 Direct Tracking

The National Enforcement Investigations Center (NEIC) of the EPA
defines custody of evidence in the following ways:

It is in your actual possession, or

• It is in your view after being in your physical possession, or

It is in your possession and then you locked or sealed it to
prevent tampering, or

• It is in a secure area.

LSG will maintain direct sample tracking showing the transfer of
samples from secure, locked sample storage to the secure laboratory
area and back to locked storage upon client request.

To maintain direct chain of custody within the laboratory, samples,
sample extractions, and sample digestions are stored in locked areas
when not in use for sample preparation or analysis. Keys to the
locked storage areas are controlled by the Sample Custodian or
designated laboratory personnel. The following LSG personnel are
authorized to access samples in locked storage.
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Project Managers
Drivers
Laboratory Analysts
Laboratory Assistants
Laboratory Group Leaders and Assistant Group Leaders
Laboratory Managers
Logistic Support Group Leaders
Quality Assurance Personnel
Sample Custodians
Sample Log-in Clerks

The following steps are taken to document the location of the
samples at all times.

Transfer of samples between logistic support personnel for
the purposes of pH checks and sample storage are
documented on the upper right-hand comer of the Laboratory
tracking record (Figure 7-4).

When a sample is to be placed in locked storage following
check-in, or a sample extract or a sample digestion is to be
placed in storage following sample preparation, the Sample
Custodian, Log-in Clerk or analyst obtains a key to the locked
storage area and completes the lab tracking record, signing
the "Returned to Storage" section. The storage area is
unlocked, and the sample or sample preparation is placed in
the designated area The storage unit is locked immediately,
and the key is returned.

• When a sample (or its extract or digestion) is to be removed
from storage, the Sample Custodian or analyst obtains a key
to the storage area, completes the lab tracking record, and
unlocks the storage area to permit removal of the sample.
The storage area is locked immediately after the removal of
the sample, and the key is returned. If the sample is
transferred from a Sample Custodian to an analyst, the
transfer is documented using the Transferred to" box next to
the "Removed from Storage By" box. The analyst is now
responsible for the custody of sample.
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When a sample (or its extract or digestion) is to be returned
to locked storage by an analyst, he/she obtains a key to the
storage area, signs the "Returned to Storage" box of the lab
tracking record, and unlocks the storage area to permit return
of the sample. The storage area is locked immediately after
return of the sample, and the key is returned.

When a sample, extract, dgestate is transferred to a Sample
Custodian for return to locked storage, the transfer is
documented as well as the return to storage using the last
two right-hand boxes of the record. The storage area is
locked immediately after returning of the sample, and the key
is returned.

When the deliverables for a project with direct tracking are forwarded
to the Project Manager, he/she informs Data Management of the
project name, sample numbers, and categories of analytes (i.e.,
VOA, BNA, metals, inorganics, etc.). Data management personnel
then collect the lab tracking records, verify them against the data
package for accuracy, and file them in the client file or project file.

3.16 INTERFACILITY SAMPLE SHIPMENTS

In order to use its analytical resources most efficiently and
maximize sample throughput, LSG may ship samples from
one facility to another for analysis as contractual and
regulatory restrictions permit. Since both fixed-base
laboratories operate under this General Quality Assurance
Plan, the results obtained and level of services rendered at
either facility are comparable.

3.16.1 Decision Making

The Operations Coordinator at the originating facility (or the
Logistic Support Group Leader in his/her absence), in
conjunction with the Group Leaders and Project Managers,
selects possible samples that might be processed more
efficiently at the sister facility because of additional laboratory
capacity. Note: Where contractual or regulatory restrictions
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require that samples be analyzed at the originating facility,
interfacUity shipments will not be considered.

The Operations Coordinator at the originating laboratory
contacts the Operations Coordinator at the receiving
laboratory to discuss the feasibility of forwarding the selected
samples for analysis. The analyses required, sample
matrices, any restrictions on the analytical method employed,
any anticipated sample matrix-related problems, and quality
control, deliverables, and turnaround requirements are also
discussed. Project Managers are consulted to determine
explicit project requirements. If the Operations Coordinators
are unable to agree on the interfacility sample shipment, the
Laboratory Managers are consulted.

3.16.2 Project Training

If a project plan or QA plan was prepared for the job, the plan
will be distributed and training conducted at the receiving
laboratory by the Project Manager.

3.16.3 Sample Shipment

The Operations Coordinator at the originating facility identifies
the appropriate sample container for the parameter(s) of
interest (e.g., wet chemistry bottle, organics bottle, cyanide
bottle) and the necessary sample volume. Preferentially, the
entire sample will be sent; however, an extract and/or a
digestate may be sent, or an aliquot of a sample, extract, or
digestate may be sent, depending on the work to be done at
the originating laboratory, however. The Operations
Coordinator completes an interfacility sample shipment form
(Figure 7-10).

The Interfacility Sample Shipment Form is then forwarded to
the Logistic Support Group Leader, who assembles the
samples for shipment. (This task may be delegated to a
Sample Custodian as long as explicit instructions are
provided.) When extracts or digestates are included in a
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shipment, their related quality control checks (e.g., method
blanks, lab control standards, duplicates, matrix spikes,
MS/MSDs) must also be sent in the shipment for analysis by
the receiving laboratory.

Once the samples have been assembled, the Operations
Coordinator verifies that all of the requested samples (and
associated quality control check samples for extracts and
digestates) have been assembled. A Sample Custodian then
packs the samples in a manner that will prevent leaking or
breakage, and retain temperature control if required for any of
the analytes. The mode of transportation and transfer of
custody to the carrier are listed on the Interfacility Sample
Shipment Form and a copy of the form is put into a plastic
bag and placed in the shipping container. The shipping
container is then sealed with custody seals such that the
seals will break should the container be opened. A copy of
the Interfacility Sample Shipment Form is also forwarded to
the Operations Coordinator at the originating laboratory.

3.16.4 Sample Receipt

Upon receipt of the sample shipment, the samples are
logged-in according to standard procedure. The Operations
Coordinator at the receiving facility functions as the Project
Manager for interfarility work, reviewing log-in, deliverables,
and invoices, and resolving any anomalies or problems
encountered with the Operations Coordinator at the originating
facility.

Following log-in review, the receiving laboratory's Operations
Coordinator returns a copy of the completed chain-of-custody
record and sample shipment form to the originating
laboratory's Operations Coordinator.
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3.16.5 Reporting

As sample preparation and analysis is completed, the data is
entered into the receiving laboratory LIMS and the originating
laboratory LIMS by receiving laboratory personnel.

The originating laboratory generates and delivers the reports
to the clients as described previously in this procedure. The
receiving laboratory delivers their report and invoice to the
originating laboratory Operations Coordinator. He/she verifies
the invoice and files the report.

3.17 SAMPLE SHIPMENT TO CLIENTS, SUBCONTRACTORS

Paragraph 3.16.3 is followed except that a chain-of-custody record
rather than an interfacility sample shipment record is sent with the
samples, along with a cover letter explaining the analysis request in
detail: tests, analytes, and deliverables, at a minimum.

4.0 RECORDS

The contents of the client and project files will be retained in the client file or case
file in support of this procedure, in accordance with LSG Procedure QA-20 of this
General QA Plan.
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Rgure 7-1
Sample Log-in Sheet
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Figure 7-2
Off-Hours Sample Receipt Log
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Figure 7-3
Short Holding Time Parameters Work Sheet
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Figure 7-4
Laboratory Tracking Record
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Rgure 7-5
Immediate Work Sheet
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Rgure 7-6
Survey Record
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Rgure 7-7
Speed Letter
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Figure 7-8
Lab Analysis Report
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Rgure 7-9
Document Inventory

(NOTE: XJLuui m Ca*c Number)

RETURN TO:

MUS CORPORATION

FA 13705

DOCUMENT RECEIPT ACKNOWLEDGEMENT

The fbuowny doomon were received nom tns NUS Cctpouuou*

Recefod 87:

Tide

3DCPDC-3^002 Bffl of Latfing 2
JPOmA-3-00(B Chaia of Cosndy Kcoxd 4-
3DOCXX-3-0004 SMO Tnffie Rcpon 1
3GCOCC»3-OOQ5 Sample Tap (37 Tap) 1 (<
X300CX-34006 S«mpie Lof-In Sheet
3DQODC-3-0007 Anrffiiry Sheet
3PGOOC-3^008 Immrtfare Wade Sheet
3COBBtr34Q09 SDG Cover Sheet
X2DDOC-3-4010 Cooapondeoce
3CCGCC 0̂011 CCS Rrpoa/Rcspoiae 47
3OQDCC3-0012 Labootoey Anatyns Repon 60
3DQCOC-3-0013 Labenaxy Ttadof Reoml 6
X-CCOC-3-OOU Haidbi Blank Dan 12
X3TOQG>3-0015 • Sample Prepandoo Notebook Page 4
2GOCOC-3-0016 Injecooo Lof Notebook Paces 11
XXXXX-34017 Original GC daromatopami 21
XXXXX-3-0018 Data Packace 818



Method No.:
Revision:
Effective Date:

QA-7
2

08/01/92
31 of 39

4B

Figure 7-10
InterfaaTrty Sample Shipment Form
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Off-Hours Sample Receipt Flowchart
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Off Hours Sample Receipt Flowchart (Continued)
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TABLE 7-1

SAMPLE STORAGE LOCATIONS
HOUSTON LABORATORY

SAMPLE STORAGE
LOCATION

Walk-in coolers off sample
receiving area

3-Door cooler on loading
dock
Walk-in cooler off inorganic
lab
Locked Ken more
Refrigerator in GC/MS lab
Locked freezer in GC/MS
maintenance area

Admiral refrigerator in
GC/MS lab
Kelvinator refrigerator in
GC/MS

Kelvinator refrigerator in GC
lab
Locked, refrigerator in GC
lab
Room off sample receiving
Metals lab

SAMPLE
TRACKING

Indirect Tracking

Indirect Tracking

Direct Tracking

Direct Tracking

Direct and Indirect
Tracking

Indirect Tracking

Indirect Tracking

Indirect Tracking

Direct and Indirect
Tracking

Indirect Tracking

Indirect Tracking

TYPES OF SAMPLES
STORED THERE

Aqueous extractable
organics (as received);
Aqueous inorganics; Soils
and wastes (except
volatiles.

Volatiles, aqueous and
nonaqueous
All samples except VOAs,
metals, and organic extracts

Volatiles, aqueous and
nonaqueous
BNA
Extracts
VOAs in progress

VOAs in progress

VOAs in progress

Organic extracts

Metals samples
Metals digestates
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TABLE 7-1
(CONTINUED)

SAMPLE STORAGE
LOCATION

SAMPLE
TRACKING

TYPES OF SAMPLES
STORED THERE

Locked room off loading
dock

Direct Tracking Metals samples and
digestates

Bioassay lab Indirect Tracking Bioassay samples
Note: If these must be
stored overnight prior to test
initiation, they are stored in
the walk-in coolers off the
sample receiving area.
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TABLE 7-2

SAMPLE STORAGE LOCATIONS
PITTSBURGH LABORATORY

SAMPLE STORAGE
LOCATION

New walk-in cooler (locked)

Old walk-in cooler (locked)

3- Door Cooler (locked)
Warehouse cage (locked)
Metals lab
Admiral refrigerator in
GC/MS lab (locked)
White refrigerator in GC lab
Brown refrigerator in GC lab
(locked)

SAMPLE
TRACKING

Direct and Indirect

Direct and Indirect

Direct and Indirect
Direct

Indirect
Direct and Indirect

Indirect
Direct

TYPES OF SAMPLE
STORED THERE

All nonradioactive samples
and sample preparations,
except VOAs and metals
digestates

All radioactive samples and
sample preparations except
VOAs
All VOA samples

Metals digestates
Metals digestates
BNA extracts

Extracts for GC analysis

Extracts for GC analysis
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TABLE 7-3
Content of Bioassay Laboratory Analysis Reports

Introduction

1. Permit number
2. Toxicity testing requirement of permit
3. Plant location
4. Name of receiving body of water
5. NUS Corporation laboratory name, address, and phone number

Source of Effluent and Dilution Water

1. Effluent Samples

• Sampling point
Collection dates and times
Sample collection method
Physical and chemical data

2. Surface Water Samples (if used as test sample)

Sampling point
• Collection of dates and times

Sample collection method
Physical and chemical data

3. Dilution Water Samples

Source
• Collection date and time

Pretreatment
Physical and chemical characteristics

Test Methods

1. Toxicity test method used
2. End point(s) of test
3. Deviation(s) from reference method, if any, and the reason
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TABLE 7-3
Content of Bioassay Laboratory Analysis Reports

Test Methods (Continued)

4. Date and time test started
5. Date and time test terminated
6. Type of test chambers
7. Volume of solution used per chamber
8. Number or organisms per test chamber
9. Number of replicate test chambers per treatment
10. Acclimation of test organisms (temperature and salinity mean and range)
11. Test temperature (mean and range)
12. Specify if aeration was needed

("' Test Organisms

1. Scientific name
2. Age
3. Life stage
4. Source

Information on mean length and weight, diseases and treatments, and the
taxonomic key used for species identification are documented and retained by LSG.

Quality Assurance

1. Standard toxicant used and its source
2. Date and time of most recent test
3. Dilution water used
4. Results (LC50 or, where applicable, NOEC and/or ECI)
5. Physical and chemical methods used
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TABLE 7-3
Content of Bioassay Laboratory Analysis Reports

Results

1. Raw biological data in tabular form, including daily records of affected
organisms in each concentration (including controls) and plots of toxicrty
data

2. Table of LCSO's, NOEC's, LOEC's, etc.
3. Statistical methods used to calculate end points
4. Summary table of physical and chemical data
5. Table of quality control data
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CORRECTIVE ACTION

1.0 PURPOSE AND APPLICABILITY

This procedure describes the mechanisms by which corrective actions for
nonconformances detected through routine sampling and laboratory operations,
performance audits, or systems audits are identified and dosed This procedure
is applicable to all LSG operations. It interfaces directly with the following LSG
Procedures.

QA-7, Laboratory Sample Custody

QA-8, Laboratory Quality Control

QA-10, Data Handling

QA-11, Systems Audits

QA-12, Performance Audits

The nonconformance/corrective action record described in this procedure is a tool
by which problems and their consequences, and corrective action measures and
their outcomes are documented and communicated. They are also used for
quarterly Pareto analysis.

2.0 RESPONSIBILITIES

2.1 MANAGERS, GROUP LEADERS, AND FIELD SUPERVISORS

The Laboratory Managers, Reld Operations Manager, Group Leaders,
Project Managers, and Reld Supervisors determine appropriate measures
to correct nonconformances identified during routine laboratory operations
and systems audits, and are responsible for implementing these actions and
for providing feedback to the Quality Assurance Department on progress of
corrective actions.
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2.2 QUALITY ASSURANCE DEPARTMENT

The Quality Assurance Department (QAD) performs follow-up activities to
ensure that any corrective action is implemented, and effective in resolving
the nonconformances.

3.0 PROCEDURE

3.1 CORRECTIVE ACTIONS FOR NONCONFORMANCES IDENTIFIED
DURING ROUTINE LABORATORY OPERATIONS

Nonconformances can occur at any time during routine laboratory
operations - during sample bottle preparation, sample receipt, sample
analysis, data reduction, and reporting. When a nonconformance is
immediately correctable (i.e., fully correctable by the person identifying the
nonconformance within the same work shift), corrective action need only be
documented through the records routinely generated for that activity/
However, when corrective action cannot be completed by the person
identifying the nonconformance within the same work shift, a
nonconformance/corrective action (NC/CA) record, Figure 15-1 for Sample
Control or Figure 15-2 for Sample Analysis is completed.

Performance audits evaluate the end product of a process or series of
processes. If the end product is acceptable, the process is assumed to be
acceptable. However, if the end product is unacceptable, the process must
be examined thoroughly to determine the cause(s) of the failure and correct
them. A nonconformance/corrective action record is opened for each
performance evaluation sample failure to document the failure and track
investigation and correction of the problem.

3.1.1 Sample Control Nonconformances

a. Sample control NC/CA records are used to document and
track resolution of the following nonconformances:

• Chain of custody
• Broken sample container
• Incompatible sample container or cap
• Incorrect sample pH x
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• Incorrect temperature preservation
• Headspace in VOA vials or TOX bottles (aqueous samples)
• Missed hold time
• Insufficient information available to log-in samples

b. Sample control NC/CA records are prenumbered as follows:

SC-XX-YYYY

Where XX is the last two digits of the year and YYYY is a
consecutive number starting with 0001. The records are
maintained in a 3-ring binder in sample receiving. Completed
records are periodically forwarded to the QA files.

c. When a sample control nonconformance occurs, the person
identifying the nonconformance:

i. Completes Section 1 of the next available, sequentially
numbered record.

ii. Records the NC/CA number on the sample log-in sheet
under "Anomalies," if the nonconformance is identified
during sample receipt inspection.

iii. Forwards the original to the project manager for the
job, retains a copy in the binder, and copies anyone
else who should be informed of the problem.

NOTE: "Corrective measures" in section 1 is
completed by whomever takes corrective
steps - the originator, Project Manager,
or someone else.
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The Project Manager:

i. Completes Section 2 of the NC/CA record and contacts
the client when appropriate. If the client is contacted
(e.g., to discuss whether or not resampling will be
performed) the specific person contacted, and the date
are documented on the record.

NOTE: If there is any problem with sample
integrity (e.g., preservation, sample
container, hold time, chain-of-custody)
the client must be contacted to allow
him/her to decide appropriate corrective
action.

ii. Initiates any corrective actions.

iii. Once the problem is resolved to the client's satisfaction
(or to the extent possible), the Project Manager:

i. Returns the original form to the binder; the copy
is discarded.

ii. Provides a copy of the record to anyone else
who should be informed of the nonconformance
and its resolution.

d. QAD reviews open NC/CA records and tallies
nonconformances during periodic inspection of logistic support
and customer services work groups, and completes Section
3 of the original record.

3.1.2 Sample Analysis Nonconformances

a. Sample analysis NC/CA records are used to document and
track resolution of the following nonconformances:

Failure to perform the required quality control
Failure to meet calibration or quality control criteria
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NOTE: This includes any out of control
occurrence on control charts. Cross
reference the NC/CA number on the
control chart to enhance traceability of
corrective action.

Error in data reduction or reporting.
Unusual sample response during analysis that is likely
to adversely affect the results or precludes completion
of analysis.

b. Sample analysis NC/CA records are prenumbered as follows:

SA - Z - XX - XXXX

Where Z is the department code of the analysis laboratory (as
opposed to the sample preparation laboratory), XX is the last
two digits of the year, and YYYY is a sequential number
starting with 0001.

The forms are maintained in a 3-ring binder in the analysis
lab.

c. When a sample analysis nonconformance occurs, the person
identifying the nonconformance:

i. Completes Section 1 of the next available, sequentially
numbered record from his/her work group.

NOTE: "Corrective measures" in section 1 is
completed by whomever takes corrective
steps-the originator, another analyst, or
someone else.

ii. Forwards the record to the Group Leader of the work
group that will take the corrective action, and places a
copy in the binder. (If corrective action will be taken in
the originator's work group, the original can remain in
the binder.)
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iii. References the NC/CA number in the raw data and on
the proper control chart.

The Group Leader (or designee):

i. Reviews corrective actions, and concurs or requests
further actions.

ii. Ensures that the action is implemented,

iii. Completes Section 2 of the NC/CA record.

Upon resolution of the problem, the Group leader:

i. Returns the NC/CA record to the binder; the copy is
discarded.

ii. Forwards a copy of the NC/CA record to the Project
Manager if the nonconformance cannot be fully
rectified (e.g., prep or analysis hold time violated,
reanalysis cannot be performed, turnaround time
requirement cannot be met).

d. QAD reviews open NC/CA records and tallies
nonconformances during periodic inspection of each work
group, and completes Section 3 of original record.

3.1.3 Performance Evaluation fPE) Nonconformances

a. Performance sample NC/CA records are used to document
and track resolution of performance evaluation failures.

b. Performance evaluation NC/CA records are prenumbered as
follows:

P E - Z - X X - Y Y Y Y

Where Z, XX, and YYYY are as defined above in 3.1.2b.
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c. QAD initiates a record for each internal or external PE failure
by completing Section 1 of the next available, sequentially
numbered record.

He/she forwards the original to the appropriate Group Leader
and retains a copy in the binder.

Group Leader determines root cause and corrective action,
completes Section 2 of the record, and returns the record to
the QAD within the specified timeframe.

QAD reviews response, accepts the response if complete or
requests further investigation. Once the response is accepted,
the QAD files original and discards copy in binder.

QAD reviews open records and tallies root causes during
periodic inspection of each work group, and completes
Section 3 of original record.

3.1.4 NC/CA Trends

In quarterly reports and lab profiles the QAD discusses favorable and
unfavorable trends evident from the nonconformances and corrective
actions reported.

3.2 CORRECTIVE ACTIONS FOR SYSTEMS AUDIT FINDINGS

3.2.1 Internal Systems Audits

Findings identified through internal systems audits are documented
in the lab profile report. During the report review meeting, the Group
Leader is asked to acknowledge the need for corrective action and
to provide a corrective action commitment date. (See Figure 15-4.)
Root cause and specific corrective measures are discussed during
the meeting.

The QA Coordinator or Representative opens a follow-up form
(Figure 15-5) for each finding. The form is filed with the profile
report. During subsequent follow-up, the QA Coordinator or QA
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Representative (QAC/QAR) documents the status of corrective
actions in section two.

If the corrective measures taken were effective, the finding is
closed in section three and a copy of the closed form is
forwarded to the Group Leader.

If corrective actions have been ineffective or have not been
taken, this is noted on the form. The Group Leader must
provide a corrective action plan by completing the back of the
form. Failure to take effective action thereafter results in the
opening of a quality notice.

Open findings are also discussed in the quarterly QA report to
management.

A quality notice (QN, Figure 15-6) is opened for chronic
nonconformances. The QA Representative adds the notice to the
QN log, completes the front of the form, and discusses the nature of
the problem with the Lab Manager. The Lab Manager documents
his/her concurrence with the need for corrective measures at the
bottom of the page. The QAC/QAR then reviews the notice with the
Group Leader, who must document root cause, corrective actions,
preclusive actions, and completion dates within three working days.
Corrective actions must be completed as soon as possible. The
notice is filed with the profile report and included in QAD follow-up.

3.2.2 External Systems Audits

The QAC/QAR assigned to the audit and the Laboratory Manager
review each audit summary and, once received, the audit report.
They determine who within LSG will be tasked with responding to
each finding and recommendation, and with directing corrective
actions. The QAC/QAR coordinates preparation of the formal audit
response and opens a follow up form (Figure 15-5) for each finding
or recommendation to track corrective action. The QAC/QAR then
follows-up on corrective actions as described for internal audits in
section 3.2.1 above.
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The status of the audit response and corrective actions are
discussed in the quarterly QA report to management.

4.0 RECORDS

The following records are maintained in support of this procedure in accordance
with LSG Procedure QA-20, Quality Assurance Records.

Nonconforrnance/corrective action records.

Lab profile report files including follow-up forms/quality notices.

External audit files including follow-up forms/quality notices.

Quality notice log.
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Rgure 15-1

HC/CA ff SC-92-

Halliburton ms Environmental Corporation - Laboratory Service* croup
~~ * ~~ ~^™~' JeCTZOM UCOeHD ^ BJ^BtttB GOWKOeV

•ECTIOK 1 ; ORI8I»ATOR
Date/Tixe:

Sample »u*ber(«):
Client: _______

Indicate the nonconforaing condition(s):

Corrective measures :

Reported by: Date:
FORWARD ORIGIHXL TO XCCOOMT EXZCUT1VB / PROTECT K&KACZK

RTTAIH COPT IH HC/CX LOG BOOK • RETZSEMCZ HC/CX I OB LOC-IH

SECTIOH 2 : ACCOOMT EZEC. / PROJECT KXiaCEJt [

Conments or recosmendations: ____________

Date corrective action completed: ____
Approved by: _________________^__ Date:

RZTOSH ORZanOL TO LOGISTICS KC/CA LOG BOOK
FORWARD COPIES, AS APPROPRIATE, TO I ______________

SECTIOH 3 : QA DEPARTKEMT | Corrective action
satisfactory? Yes No

Comments:

NC/CA closed by: Data:

Rev. 11/91
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Figure 15-2

MC/CA I SA-A-92-

Halliburton MOS Environmental corporation - 1

SECTION 1 : ORIGINATOR

Analyst: Instrument:

Deot: BJc. S Pa. *:

Test: Prep Analyst:

Indicate the noneonxorming condition (s) :

Corrective measures :

Resorted by: I
FORWARD ORIGINAL TO GROUP LEADER RESPONSIBXJ

RETAIN COPT IN HC/CA LOG 1

SECTION 2 : GROUP LEADER / ASST. GROUP LEADER

Coaments or recommendations:

Date corrective action completed:

Aporoved by: I

RETURN ORIGINAL TO HC/CA LOG AND REFERENCl
FORWARD COPY TO AE/PM IF RESOLUTION

SECTION 3 : QA DEPARTMENT Corrective act

Comments :

.

MC/CA closed bv: I

âboratory Service* Group

Sample I:
Client:

Prep Date:

-

3ate:
E FOR CORRECTI7Z ACTION
WOK

)ate:
! HC/CA I IN RAW DATA
IS PROBLEMATIC

lion
r? __ Yes ___ No

Date:

Rev. 11/91
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Figure 15-3

KC/CA | PE-C-92-

Hallibuxton MUS Environmental Corporation - Laboratory Service* GroupacTXov RECORD - *E/BQca TAILOR*
•ECTIOV 1 I QA DETABTKEmT

Analyst:
Department:
Test: ____

Date/Time: _
Instrument:
Bk. & Pg. f:
Client: __

Prep Date: Prep Analyst:
Sanple Number(s):

Reported Value:

True Value:

Acceptance Range:

Reported by: Date:
FORWARD ORXGIKAX. TO GROUT LEADER RZSPOKSIBLZ TOR CORRECTIVE ACTIOM

RETAIH COPT IX QA HC/CA LOG BOOK

SECTIOM 2 : 6RO0V LTiAOKR / ASST. GROUT LEADER Response due:
Please investigate the cause (s) of this failure. Report your findings
and corrective actions below. Return this fora to QA Department.

Findings and root cause:

Corrective measures:

Reported by: Date:
RETURH ORIGIXAL TO QA DEPARTMEHT

StCTIOH 3 : QA DEPARTKgMT | Corrective action
satisfactory? Yes No

Comments:

NC/CA closed by: Date:

Rev. 11/91
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Figure 15-4

AUDIT FINDINGS: SYSTEMS

INTERNAL/QNs

9O-O96 (CLOSED*: No standard*, tracer* or client sample* were
received in 1991 that exceeded IO* of. the NRC license Halt.
This quality notice was generated in response to the receipt of
the Slrrine samples in 1987.

9O-O99 <CU)SED): A Radioactive Material Request For* was
completed and submitted to the RSO for review and approval for
low-level calibration standards and tracers on nay 31, 1991. '

9O-1OO (CLOSED): The Po-21O button source has sufficient activity
to serve as a GPC performance check for fross alpha/beta
analyses. However, the next source shall be Th-230 source that
has a sufficiently long half-life.

9O-1OA (CLOSED): The gamma spec pole-zero optimalIzations were
performed by the RSO on Noveaber 27. 199O for systems 1 and 2 and
January 25. 1991 for «ystee 3. The next annual calibrations and
pole-zero settings are awaiting the move to the newly remodeled-
counting roo» set for January 1991. The optiaalizations are
recorded in the Maintenance "logs, 92-88 p. 80 and 291-90 p. 12.

9O-1O5 (OPEN): The control charting for the various systems
performance checks was reviewed. However. soae of the systems
check charts reviewed lacked necessary information aed
overlapping li m i t s made them difficult to discern. See the
control chart review section of this report.

connniTTtiENT TO CLOSE DATE: >/l/4> «.« U/ 1
9O-1O8 (CLOSED): Control charting of gamma spec systems
background and performance cheeks have been performed since the
systems went on-line in February 1991. The proper QC cheeks were
worked out with the QAD for K-«0 and mixed gamma emitting
radionucllde determination analyses.

9O-1O7 (CLOSED): Gamma spec QC checks were arranged with trie QAD
prior to the start-up of the ENSR/ERtl K-4O analyses in February
1991. QC data is submitted to the QAD for evaluation and
statistical calculation of control limits. For soil samples, an
aqueous method blank and LCS are prepared and counted. For mixed
radionuellde work, an EHSL-LV Gamma in Uater Cross-Check Study
shall be analyzed as an LCS.

91-OO9 (OPEN); Training records remain incomplete and unrevised.

COntiniTTrlENT TO CLOSE [ DATE: if^f ^_____JCL; \,J (^___________I
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Rgure 15-5

AUDIT RNDINGS FOLLOW UP

HALLIBURTON NUS ENVIRONMENTAL CORPORATION
LAB SERVICES GROUP

AUDIT FINDINGS FOLLOW-UP REPORT

SECTION ONE: Auditor completes tor findings not dealt with via a quafity notice
at the time the audit report is finalized.

Audit:
Auditor
Finding

Date:
: _. ... .. . .

Group Leader: Corrective Action Commitment Date:

SECTION TWO: Auditor completes during follow-up activities. Group Leader must
acknowledge overdue corrective action by initialing and dating
the auditor's notation below and providing a corrective action
plan on the back of this form.

DATE INITIALS CORRECTIVE ACTION STATUS

SECTION THREE: Auditor completes upon closure.

Auditor: Oale:
Basis lor closure:

2/92
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Rgure 15-5 (Continued)

Group Leader completes if corrective action is overdue.

DATE INITIALS

.

CORRECTIVE ACTION COMPLETION
DATE

2/92
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Rgure 15-6

QUALITY NOTICE

^HALUUUTTTON NUS
labooMon; S««v<ce» Group

ON NO: Activiiy/ProgranVProject

Response Assigned To: Due Date:

Requiremeflt(s):

See Attachment a
Condition Observed/Rationale:

St« Attachment a

Reponed by: Date:

Management Concurrence: Date:



Section No.:
Revision No.
Date:
Page:

QA-15

08/01/92
18 of 18

Rgure 15-6 (Continued)

RESPONSE: Co

I. rimCngs ol root 4

2. Plans for corrective action. irnmeOMte and long Mnn to preclude recurrence:

3. Scheduled daM(s) lor corwtiv* action complrtofi:

Response submitted by. Date:

QUAUTY ASSURANCE DEPARTMENTAL REVIEW

Conwdiv* Action Diiposilion:

See Anactvnen; a
Corrtc«v*'Action Vciifetd and ON Closed by-- Oat*:
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COMWCTXVE ACTION

1.0 PURPOSE AMD APPLICABILITY

This procedure describes the median? «ns by which corrective actions
for nonconformances detected through routine sampling and laboratory
operations, or systems audits are identified and closed. This
procedure is applicable to all LSG operations. It interfaces directly
with the following LSG Procedures.

o QA-7, Laboratory Sample Custody

o QA-8, Laboratory Quality Control

o QA-10, Data Handling

o QA-11, Systems Audits

o QA-12, Performance Audits

o QA-14, Data Quality Assessment Procedures

2.0 RESPONSIBILITIES

2.1 OPERATIONS MANAGERS, GROUP LEADERS, AND FIELD SUPERVISORS

The Laboratory Operations Managers, Field Operations Manager, Group
Leaders, and Field Supervisors determine appropriate measures to
correct nonconformances identified during routine laboratory
operations and systems audits, and are responsible for implementing
these actions and for providing feedback to the Quality Assurance
Department on progress of corrective actions.

2.2 QUALITY ASSURANCE DEPARTMENT

The Quality Assurance Department (QAD) performs follow-up activities
to ensure that any corrective action is implemented, and effective in
resolving the nonconformances.

NUB CORPORATION
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3.0 PROCEDURE

3.1 CORRECTIVE ACTIONS FOR NONCONFORMANCES IDENTIFIED DURING ROUTINE
LABORATORY OPERATIONS

3.1.1 Nonconformancea can occur at any time during routine
laboratory operations — during sample bottle preparation,
sample receipt, sample analysis, and data reduction and
reporting. When a nonconfonnance is immediately
correctable (i.e., fully correctable by the person
identifying the nonconformance within the same work
shift), corrective action need only be documented through
the records routinely generated for that activity.
However, when corrective action cannot be completed by the
person identifying the nonconformance within the same work
shift, a nonconformance/corrective action record (Figure
15-1 for Sample Control, and Figure 15-2 for Sample
Analysis) ia completed.

3.1.2 The nonconformance/corrective action record is a tool by
which problems and their consequences, and corrective
action measures and their outcomes are documented and
communicated. These records are used as follows:

•Nonconformance/Corrective Action Record — Sample
Control:" The individual reporting the nonconformance
completes the first two sections of the form. The AE,
Group Leader, or supervisor of the department reviews
the corrective action taken, and approves it or
indicates additional measures to be taken. Copies of
the form are distributed to Group Leaders of the
appropriate departments and to the QAD. The original
form is filed with the sample log-in sheet.

"Nonconformance/Corrective Action Recorded — Sample
Analysis:" The individual reporting the nonconformance
completes the first two sections of the form. The
Group Leader or Assistant Group leader reviews the
corrective action taken, and approves it or indicates
additional measures to be taken. The original form is
filed with the raw data. A copy of the form is
forwarded to the QAD. A second copy is forwarded to
the CSD Manager whenever the nonconfonnance impacts
turnaround commitments and/or is not correctable. When
another department is involved in the corrective
action, as when a sample must be re-extracted when
surrogate recoveries exceed acceptance limits, a copy
of the form is forwarded to the Group leader of that
department.

IMUS CORPORATION
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3.1.3 The QAO also evaluates the corrective action for
appropriateness and completeness, and requests additional
corrective measures when warranted. The QAD also determines
whether the nature and extent of nonconformance warrants
long-term monitoring. If so, this is summarized on the QA
copy of the form and pursued.

3.1.3 During monthly quality control meetings, the QAD discusses
favorable and unfavorable trends evident from the
nonconformances and corrective actions reported.

3.2 CORRECTIVE ACTIONS FOR SYSTEMS AUDIT FINDINGS

Nonconformances identified through systems audits are documented on
quality notices (Figure 15-3) in order to track corrective actions.
(See LSG Procedure QA-11.) Quality notices are distributed to
personnel responsible for corrective action along with the systems
audit report (internal audits) or audit summary (external audits).
Their disposition is described below.

3.2.1 A log of quality notices is maintained by the QAD in order
to track corrective action completion.

3.2.2 Upon receipt of a quality notice, the responsible management
staff completes the response section of the quality notice,
addressing each of the four topics:

o Root cause assessment.

o Corrective action for immediate problem (s).

o Corrective action to preclude recurrence of the problem.

o Schedule (dates) for corrective action implementation.

The form and any supporting documentation is returned to
QAD. If a response is not received by the due date, the QAD
issues one reminder, allowing no more than 5 working days to
respond. Failure to respond or to initiate timely
corrective action results in referral of the nonconformance
to the Assistant General Manager for resolution.

3.2.4 The QAD evaluate quality notice responses. If a response is
insufficient or requires clarification, the quality notice
is returned further action.

3.2.5 Monthly, at a minimum, the QAD verifies that corrective
actions have been implemented in accordance with quality

NUB CORPORATION
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3.2.5 Monthly, at a minimum, the QAD verifies that corrective
actions have been implemented in accordance with quality
notice response commitments. Verification is documented
on the bade of the quality notice form. When corrective
actions are satisfactory, the quality notice is closed.
Closure is noted on the corrective action log and . the
quality notice form. A copy of the form acknowledging
closure is sent to the respondent; the original form is
included with the program monitoring report (internal
audit) or the audit summary (external audits).

3.2.6 If closure of the item will require more time than was
designated, the QAD may grant an extension. Further
extensions may be granted on a case-by-case basis by the
Assistant General Manager.

Failure to complete corrective actions within a reasonable
time frame results in referral of the nonconformance to
the Assistant General Manager for resolution.

4.0 RECORDS

The following records are maintained in support of this procedure in
accordance with LSG Procedure QA-20, Quality Assurance Records.

o Nonconformance/corrective action records.

o Corrective action log, quality notices, and supporting
documentat ion.

IMUS CORPORATION
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Figure 15-1
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Figure 15-2
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Figure 15-3
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Figure 15-3 (continued)

usronsB

CCMTLXCT BACB XTBt.

1. ROOT CAUSB

2. COMIXCTIVB ACTION FOR QMCDZAXS PROBUH(S) :

3. CORMCTXVI ACTIC* TO »«CLODI UCtmMMCB:

4. SCatBULB (OATU) FOR CORRICRVB ACTZOV COWLKXM:

RBSrOKM DATE:

QA rVUOATZOM AMD

C/A VBRZrZBB n» a 0* CXXMBB «T: DATE:

NUB CORPORATION



NUS S3SO
C O R P O R A T I O N ___________________________ Pittsburgh, Pennsylvania 15205

TEL: (412)747-2500
FAX: (412) 747-2559

STANDARD OPERATING PROCEDURE

PREVENTIVE MAINTENANCE

SECTION ID: QA-13
REVISION: 0
EFFECTIVE DATE: 04/13/94

APPROVALS:



Section No.: QA-13
Revision No.: 2
Date: 04/13/94
Page: 1 of 61

PREVENTIVE MAINTENANCE

1.0 PURPOSE AND APPLICABILITY

This section of the general quality assurance plan describes the NUS Laboratory
approach to ensure that instruments used for sample analysis function properly
and reliably, and to minimize prolonged instrument downtime so that holding times
and sample turnaround commitments can be met.

2.0 RESPONSIBILITIES

2.1 GROUP LEADERS

• Perform assigned preventive maintenance at required intervals. (These
tasks may be delegated to analysts within the work group familiar with
maintenance and operation of the instruments and equipment.)

Establish a preventive maintenance schedule for newly acquired equipment,
providing any information and assistance necessary to integrate the new
equipment into the preventive maintenance reminder scheme.

2.2 INSTRUMENT SPECIALIST

Perform or supervise in-house preventive maintenance, troubleshooting, and
corrective maintenance of major equipment.

Perform or schedule calibration of test equipment and balances.

2.3 QUALITY ASSURANCE DEPARTMENT (QAD)

• Review maintenance logs annually, at a minimum.

• Distribute reminders for required preventive maintenance performed monthly
or less frequently.
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3.0 PROCEDURE

3.1 INSTRUMENT MAINTENANCE LOGS

3.1.1 The maintenance history of all major laboratory equipment is documented
in instrument maintenance logs as follows.

In-house preventive maintenance, trouble-shooting, and corrective
maintenance are documented in the log by the NUS Laboratory staff
member performing the maintenance.

Maintenance performed by an outside vendor is documented in the
maintenance log. An entry is made in the log by the NUS Laboratory
staff member signing the service report and the report is stapled to
the log book page.

All maintenance log entries must include a discussion of the problem.
the actions taken, and the results of the action. See also NUS
Laboratory Procedure AP-021, Preventive Maintenance
Documentation. Additionally, following major repairs, instrument
output demonstrating performance should retained in the
maintenance log to assist in future trouble shooting efforts.

3.1.2 The QAD reviews instrument logs annually, at a minimum. Balance logs are
reviewed quarterly.

3.2 TEST EQUIPMENT CALIBRATION

3.2.1 The equipment used to calibrate analytical equipment is NIST certified
and/or calibrated periodically against standards having known and valid
traceability to recognized standards. Requirements are specified below.
See also NUS Laboratory Procedure AP-16, Procurement of Calibration
Services by Outside Vendors, for external calibration requirements.

mV standards and 5-1/2-digit voltmeters are calibrated by an outside
vendor annually, at a minimum.

Glass/mercury thermometers are calibrated against an NIST-
certified thermometer annually, at a minimum. A tag identifying the
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calibration date and correction factor is physically applied to each
thermometer.

• Thermocouples are calibrated against a mV standard and an ice bath
annually, at a minimum.

Class S weights are used to verify weights maintained at the
balances. They are calibrated annually against weights whose
calibration is traceable to the NIST.

Weights maintained at the balances are calibrated against Class S
weights annually, at a minimum.

Meters used to measure air uptake of exhaust and fume hood are
calibrated annually, at a minimum, by an outside vendor.

3.2.2 Calibration of test equipment is documented in the same fashion as
analytical equipment calibrations as described in 3.1.1.

3.3 PREVENTIVE MAINTENANCE OF ANALYTICAL EQUIPMENT

3.3.1 Preventive maintenance (PM) encompasses a variety of operations
performed at prescribed intervals:

• specification checks
calibration

• cleaning
• lubrication

reconditioning
adjustments

The purpose of preventive maintenance is two-fold:

• To minimize the occurrence and severity of catastrophic performance
losses that result in prolonged equipment downtime.

To detect and correct more subtle, noncatastrophic performance
losses before they have a significant impact on data generation
and/or quality.
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3.3.2 Preventive maintenance (PM) requirements for analytical equipment are
tabulated in Section 3.9. The time frames specified for preventive
maintenance activities are minimum requirements; preventive maintenance
may be performed more frequently.

The QAD issues reminders (Figure 13-1 or equivalent) for PM due monthly
or less frequently. The reminders are issued to the group leader or the
instrument specialist, as appropriate, approximately six weeks before the
PM due date. This will allow sufficient time to schedule the maintenance so
that it can be performed prior to the due date with minimal disruption to
sample analysis in most circumstances.

The group leader/instrument specialist is responsible for completion of the
PM on or before the due date. Performance of the PM may be delegated,
but responsibility for its completion rests with the group leader/instrument
specialist. Every effort should be made to keep the preventive maintenance
program and supporting documentation current and complete, since failure
to do so could result in equipment performance loss.

Calibrations must be completed by the specified due date. If not, the
instrument will be tagged "out-of-service" for the analytes of Interest
pending successful completion of the calibration. If scheduled
preventive maintenance — other than calibration - cannot be performed on
or before the due date, the group leader/instrument specialist must contact
the QAD and reach a mutually agreed upon time frame for its completion.

3.3.3 The person performing the preventive maintenance is responsible for
documenting the activity in the maintenance log. See NUS Laboratory
Procedure AP-021, Preventive Maintenance Documentation, for further
instruction on maintenance log entries.

When periodic maintenance involves calibration or calibration verification,
a calibration label (Figure 13-2 or equivalent) is applied to the equipment by
the person completing the calibration/verification.

3.3.4 Equipment that is out of calibration or requires repair is tagged "out-of-
service" (see Rgure 13-3 and NUS Laboratory Procedure AP-021,
Preventive Maintenance Documentation).
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3.3.5 Any change in status, from active to inactive or inactive to active, should be
recorded in the maintenance log and discussed by the group leader at the
monthly quality assurance meeting.

3.4 REQUESTING IN-HOUSE SERVICE

3.4.1 While preventive maintenance reduces the number and severity of
equipment malfunctions, it will not eliminate all malfunctions. Whenever the
expertise of the instrument specialist is required to trouble-shoot or repair
equipment, the group leader completes a service request form (Figure
13-4).

The form serves three purposes:

It informs the instrument specialist of problems in writing

It helps the instrument specialist prioritize work

It provides a history of the problems encountered by individual
instruments and classes of instruments.

This form is also used to schedule in-house maintenance for the facility; it
is forwarded to facility maintenance personnel rather than the instrument
specialist.

3.4.2 The requester completes Part I of the form and notes the request for
service in the instrument maintenance log. The requester should describe
the problem on the form as completely as possible. This allows the
instrument specialist to evaluate and correct the problem in the most
efficient manner. Priority codes are as follows:

Priority 1 - Immediate repair required. Downtime will have a
major impact on overall laboratory performance. Repair to be
completed as soon as possible (i.e., within 1 working day or
less if parts/service are available).

• Priority 2 - Service to be performed within 5 working days.
Limited impact on overall laboratory operations, but significant
impact on 1 or more groups. Extended downtime may cause
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significant problems.

Priority 3 - Service to be performed on a scheduled basis.
Order of service performed is based on order in which
requests are received. Generally service will be performed
within 10 to 30 working days. Priority 3 is appropriate when
an operable backup system is available.

Priority 4 - Service to be performed on inactive equipment or
low priority maintenance. Service should be performed within
90 days, even if an outside vendor must be used.

3.4.3 Following servicing, the instrument specialist completes Part II of the form.
He/she staples the original form into the maintenance log and a copy is
forwarded to the requester.

3.5 REQUESTING OUTSIDE MAINTENANCE SERVICES

Whenever the expertise of an outside service specialist is required to trouble-shoot
or repair equipment, the group leader confirms the appropriateness of using
outside services with the technical operations manager. The request group leader
contacts the vendor and schedules the service, then enters the purchase request
in the "order" function of the UMS.

In the event of an emergency, the group leader or instrument specialist may
arrange for outside service directly.

3.6 MAJOR EQUIPMENT LIST

3.6.1 All major laboratory equipment is catalogued on a major equipment list.
The list identifies equipment by type, make, model, serial number, year of
purchase and condition at purchase. The list is updated by the
procurement representative/proposal coordinator as equipment is put into
or taken out of service.

3.6.2 Equipment that contains radioactive isotopes is listed on the primary
equipment list and on an auxiliary radioactive instrument/article inventory.
The radioactive instrument/article inventory identifies the type of equipment,
its make, model, and serial number, the nuclide and its activity, and the
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group leader responsible for the equipment. Group leaders are responsible
for timely update of the inventory.

3.6.3 Equipment cannot be moved, modified, or discarded without approval of the
technical operations manager.

3.7 NEW EQUIPMENT

Newly acquired equipment must be integrated into the QA program prior to its use
in sample analysis.

3.7.1 When new equipment has been ordered, the group leader addresses the
following for the instrument in a memorandum to the technical operations
manager and the QA director:

Laboratory facility preparations for installation.

Who is performing installation (manufacturer, instrument specialist,
group leader)

Performance criteria to be met upon installation.

Start-up studies to be performed.

• Who is to prepare the SOP and when it will be completed.

3.7.2 During installation and start-up, preliminary demonstrations of equipment
performance, such as first chromatograms or raw data, must be retained in
the maintenance log. The data will be valuable for later diagnostics.

When installation and start-up are completed, the group leader completes
a laboratory equipment status record (Figure 13-5) and forwards it along
with the following to the QAD.

Preventive maintenance program.
Critical spare parts list.
Summary of start-up study results.
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A laboratory method or operating procedure must outline the following (see
also section QA-9 of this plan, Plans and Procedures):

Step-by-step operation.
Calibration.
Quality control program.
Data collection and reduction.

3.7.3 Instrument manuals supplied by the manufacturer are maintained in the
laboratory for reference.

3.8 CRITICAL SPARE PARTS

Each laboratory must retain spare parts deemed to be critical to instrument
operation, or must have the ability to obtain critical parts on an overnight basis. A
suggested spare parts list follows.

3.8.1 ANALYZERS

3.8.1.1 ALPKEM Autoanatyzers

1) flow cells
2) teflon tubing
3) glass tubing coils
4) distillation heads
5) lamps
6) fuses
7) pens, chart paper and ribbon

3.8.1.2 Total Organic Carbon Analyzers

1) tubing and connectors
2) septa
3) quartz and pyrex wool
4) NDIR screens
5) syringes
6) o-rings
7) UV reactor housing
8) UV reactor cap
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9) tubing without connectors
10) UV reactor vessel

3.8.1.3 Total Organic Halogen Analyzers

1) generator working electrode/black
2) generator auxiliary electrode/red
3) reference electrode/white
4) sensor electrode/green
5) pyrolysis tube
6) pushrod assembly
7) cored septa, uncored septa
8) exit tube and inlet tube o-rings
9) heater tape assembly
10) inlet and exit tubes
11) cerefelt
12) quartz boats
13) grey septa
14) GAC-Carbon Plus
15) Titration cell T-620

3.8.2 ATOMIC ABSORPTION/EMISSION INSTRUMENTS

3.8.2.1 Cold Vapor Atomic Absorption Spectrometers

1) absorption cell with windows and gaskets
2) window and gasket replacement kit
3) mercury lamp
4) aeration and connecting (silastic) tubing
5) scrubber kit
6) pump
7) diaphragm replacement kit (includes gasket and 2 valves)
8) photo detector tube
9) tubing clamps
10) out/in fittings

3.8.2.2 Flame Atomic Absorption Spectrometers

1) complete nebulizer assembly
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2) impact beads
3) flow spoiler
4) cable and pin assembly
5) o-rings
6) sample injector tubing
7) nitrons oxide burner
8) EDL and deturium lamps
9) red filter
10) fuses
11) photomultiplier tube
12) burner head, acetylene, 4-inch

3.8.2.3 Graphite Furnace Atomic Absorption Spectrometers

1) contact cylinders
2) windows
3) injector tips
4) o-rings
5) graphite tubes
6) platforms
7) gaskets
8) EDL and deturium lamps
9) capillary tubing for autosamplers
10) adapters for hollow cathode lamps
11) platform alignment tool
12) outlet valves

3.8.2.4 Inductively Coupled Plasma Spectrometers

1) argon tubing (internal)
2) torch assembly
3) RF coil
4) o-rings
5) nebulizer
6) sample injector
7) bonnets
8) carbon tips
9) spray chamber
10) high solids nebulizer
12) fuses
13) capillary tubing for autosamplers
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3.8.3 Liquid Chromatographs

1) gaskets
2) o-rings
3) pump rebuilding parts (seals, stop valves, etc.)
4) spare pumps
5) tubing
6) appropriate Swage lock fittings

3.8.4 Gas Chromatographs

1) photo ionization detector (spare component)
2) electron capture detector (spare component)
3) analytical columns
4) septa
5) syringes
6) ferrules
7) solvent pump for electrolytic conductivity detectors

3.8.5 Gas Chromatograph/Mass Spectrometers

1) back-up mechanical vacuum pump
2) copper gaskets
3) glass jet separators for VOAs
4) capillary columns
5) septa, syringes and ferrurels
6) 1/16 to 1/4 inch fittings (Swagelock)
7) appropriate o-rings
8) turbo molecular pumps
9) magnetic tapes
10) voltameter; electronic trouble-shooting tools
11) Tekmar purge and trap component, heated transfer line and multipart

valve
12) electron muttilpiers
13) pump oil
14) turbo pump oil
15) diffusion pump oil
16) filaments
17) source parts
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3.8.6 CALORIMETER/OXYGEN BOMB

3.8.6.1 Calorimeter

1) thermometer 19-35°C
2) thermometer bracket
3) thermometer reading lens
4) stirrer drive belt
5) colorimeter jacket with cover
6) oxygen combustion bomb

3.8.6.2 Oxygen Bomb

1) o-rings (assorted)
2) bare bomb head
3) check valve
4) deflector nut
5) loop electrode with sleeve
6) straight electrode with sleeve
7) electrode core
8) valve knob
9) lock nut
10) valve needle
11) outlet valve body
12) Kel-F valve seat
13) oxygen filling connection
14) toggle relief valve
15) flexible tube assembly
16) knurled union nut
17) union fitting
18) o-rings
19) slip connector

3.8.7 CONDUCTIVITY CELLS

1) spare cells
2) temperature probe

3.8.8 DEIONIZED WATER SYSTEM
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1) carton of solids filters
2) spare cells (i.e., electrodes which monitors resistivity)
3) recycle pump

3.8.9 DISSOLVED OXYGEN PROBES

1) spare probes
2) membranes

3.8.10 ELECTRODES

Spare ammonia sensing, pH and fluoride electrodes

3.8.11 METERS

Spare meter units

3.8.12 RADIOCHEMISTRY COUNTERS

3.8.12.1 Gamma Spectrometers

1) TC 950 power supply (2)
2) TC 244 amp (2)

3.8.12.2 Gas Proportional Counters

1) TC 952 high voltage supply
2) mylar windows

3.8.12.3 Alpha Spectrometers

1) silicon surface barrier detector
2) PD-500-100-25-cm (2)
3) TC 265 amp
4) TC 265 alpha spectrometers (7)

3.8.13 SPECTROPHOTOMETERS

1) 1 cm and 5 cm cells
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2) bulbs
3) fuses

3.8.14 TITRIMETERS

3.8.14 Karl Fisher

1) reaction vessel gasket
2) sample septum
3) flanged teflon delivery tip
4) thumb screws
5) septa
6) electrode and septum port nuts
7) o-rings for electrode and septum
8) vent port nut o-ring
9) vessel seal gasket
10) septum port plug
11) connector tubing assembly o-ring

3.9 PREVENTIVE MAINTENANCE SCHEDULES

Preventive maintenance schedules for the following equipment are listed on tables
at the end of this procedure.

Analyzers

ALPKEM Autoanalyzer
Total Organic Carbon Analyzer, Dohrman DC-80
Total Organic Halogen Analyzers

Atomic Absorption/Emission Instruments

Cold Vapor AA Units (Mercury Analyzer)
Flame AA Spectrophotometer
Graphite Furnace AA Spectrophotometer
Inductively Coupled Plasma Spectrometer

Autoclaves
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Balances

Chromatographs

Gas Chromatograph
Gas Chromatograph/Mass Spectrometer
Liquid Chromatograph

Calorimeters

Centrifuges

Conductivity Cells

Deionized (PI) Water System

Dissolved Oxygen Probes

Electrodes

General Care
General Calibration Checks
Trouble-Shooting
Ammonia Gas-Sensing Electrode
Fluoride Electrode
pH Electrode

Extractors. Toxicitv

Bottle Extractor
Zero Headspace Extractor

Heating Units

Incubator
Muffle Furnace
Oven
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Hoods

Exhaust Hood
Fume Hood

Meters. pH/mV

Personnel Computers

Purge and Trap Units

Radiochemistrv Counters

Alpha Spectrometer
Gamma Spectrometer
Gas Proportional Counter
Liquid Scintillation Counter
Scintillation Cell Counter
Survey Meter

Refrigeration Units

Cooler
Freezer

Recorders

Sonicators

Spectrophotometers

Infrared Spectrophotometer
Turbidimeter
UV-Visible Spectrometer

Titrimeters

Karl Fisher
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Water Baths

4.0 RECORDS

The following records are maintained in support of this procedure in accordance
with section QA-20 of this plan, Quality Assurance Records.

Instrument maintenance logs

• Preventive maintenance reminders

Laboratory equipment status records

Service request forms

Major equipment list

Radioactive instrument/article inventory

• Instruction manuals supplied by equipment manufacturers

• Preliminary studies and demonstrations of equipment performance following
installation and major repair
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FIGURE 13-1

PREVENTIVE MAINTENANCE REMINDER

ISSUED TO: ___________________ DATE: _____

SERVICE REQUIRED

INSTRUMENT: ________________
(Make/Model/Serial No.)

PM TO BE PERFORMED: ____________

DUE DATE: __ _____

SERVICE COMPLETED

BY:

DATE:

DOCUMENTED:
(Maintenance Log Book and Page Number)



Section No.: QA-13
Revision No.: 2
Date: 04/13/94
Page: 19 of 61

FIGURE 13-2

CALIBRATION LABEL

NUS LABORATORY

EQUIPMENT:

CALIBRATED DATE:

VERIFIED DATE: .

DUE DATE:
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FIGURE 13-3

REPAIR
REQUIRED

PROBLEM

SIGNED
OATE__

\jO> Safety Supply, toe. Roonter No. 203ZJ
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FIGURE 13-4

SERVICE REQUEST FORM

PART I - SERVICE REQUIRED

INSTRUMENT OR FACILITY SYSTEM: MAKE MODEL SERIAL NO.

DESCRIPTION OF PROBLEM (Include date and time first occurred):

PRIORITY CODE (1.4) (See back of form):

REQUESTER: DATE:

PART II - SERVICE PERFORMED

FAULT CONDITION DIAGNOSIS:

CORRECTIVE ACTION:

SERVICED BY: DATE:

DISTRIBUTION: Equipment file (original)
Requester
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FIGURE 13-5

LABORATORY EQUIPMENT STATUS RECORD

*™ Halliburton NUS
\V / C O R P O R A T I O N
5350 Campbelts Run Road
Pittsburgh. PA 15205

LABORATORY EQUIPMENT
STATUS RECORD

TYPE PURCHASE DATE

MONTH YEAR

MANUFACTURER

MODEL GROUP LEADER

SERIAL NO. DATE

LOCATION

Placed into service as ot

For new equipment, review service manuals and Gst aO preventive maintenance and hs
frequency (Weekly. Annually, etc.) required tor this instrument:

QAPM Name

LIMS insuumeni Code

PLEASE FORWARD TO OA DEPARTMENT

____________________ File Created

_____________________ File Closed
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ANALYZERS

Equipment

Autoanalyzer, Alpkem
305A

Total Organic Carbon
Analyzer, Dohrman DC-
80

Frequency

Daily (Analyst)

Quarterly
(Analyst)

Quarterly
(Analyst)

Monthly (Analyst)

Semi-annually
(Analyst)

Daily (Analyst)

Preventative Maintenance Requirements

Evaluate the sensitivity and reproducibility of
each parameter run during standardization.
When one or both characteristics degrade,
trouble-shoot the system.

Clean platen surfaces of the 302 pump and
empty waste containers.

Wipe pump rollers of the 302 pump with
isopropyl alcohol and clean manifolds by
pumping Kem Wash (TM) through the
analytical cartridge.

Replace pump tubing in the analytical
cartridge.

Remove pump bodies and clean roller cage.
Clean the fan and lubricate the gears of the
302 pump.
Clean the wash reservoir.

Replace drain tubing in the cartridge module
and replace the transmission tubing in the
analytical cartridge.

Evaluate the sensitivity and reproducibility of
the system during standardization as follows.
With the calibration off, check the reading of
a 400 mg/L and a 10 mg/L standard. They
should read 300 ± 75 and 7.5 ± 1 .85
respectively. A duplicate injection of the
standards should be within 2% of the first
injection. If this criteria is not met, trouble-
shoot the system.

Inspect injection port septum.
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Equipment

Total Organic Halogen
Analyzer, Dohrman

Frequency

Weekly (Analyst)

Annually (Analyst)

Daily (Analyst)

Monthly (Analyst)

Semi-annually
(Instrument
Specialist)

Preventative Maintenance Requirements

Inspect the tin scrubber. Change the tin if
discolored.

Inspect the pump tubing and pump flow.
(Row should be 2 mL/min.)

Clean up leaks or spills on the interior or
exterior of the reaction module.

Check purge gas flow and the in-line filter.

Run a linearity check for the entire working
range. Repeat the check following cleaning of
the IR detector or when quality control
checks indicate that the current curve may
not be valid.

Check the following: ^*/

• exit tube and quartz wool
• titration cell for lodged bubbles
• inlet area for carbon spills
• electrolyte level

Obtain a steady baseline.
Clean the quartz boat.

Evaluate the sensitivity and reproducibility of
the system during standardization utilizing a
1 00 mg/L standard. When one or both
characteristics degrade, trouble-shoot the
system.

Clean the stainless steel sample inlet tube,
and POX sparger if system is so equipped.

Calibrate the microcoulometer/integrator
using internal circuits, and calibrate the
pyrolysis tube and sparger oven
temperatures.
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Equipment

Total Organic Halogen
Analyzer, 10 Sigma

Frequency

Annually (Analyst)

Daily (Analyst)

Minthly (Analyst)

Preventatlve Maintenance Requirements

Run a linearity check covering the entire
working range. Repeat the check following
major reapir or whenever control checks
indicate that the direct readout may not be
valid.

Clean the silver sensor with Commet™, or
equivalent.

Change the outer reference solution (1 M
KN03).

Change the counter electrode solution (10%
KNO3).

Clean outer counter electrode wire with
Commet™, or equivalent.

Rinse cell body with reagent water before
and after use.

Discard electrolyte solution and fill cell body
with reagent water.

Replace dehydration tube solution (cone.
H2SO4)

Change inner reference solution.
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Equipment

Mercury Analyzer

Flame AA

Frequency

Daily (Analyst)

Semi-annual or as
required
(Instrument
Specialist)

Annually
(Instrument
Specialist)

Daily (Analyst)

Preventative Maintenance Requirements

Calculate the characteristic mass
measurement after running an appropriate
standard. If there is over a 20% change in
the mass measurement or reproducibility
degrades, trouble-shoot the system.

Change drying tube.

Clean or if necessary replace the sample
tube and windows; replace o-rings.

Clean pump by flushing with deionized water,
replace pump if background noise becorr
very high. ^

Replace activated carbon trap.

Inspect and replace tubing as required.

Clean printed circuit boards and switches,
replace any that are worn or damaged.

Check power supply voltages.

Calculate the characteristic mass
measurement after running an appropriate
standard. If there is over a 20% change in
the mass measurement or reproducibility
degrades, trouble-shoot the system.

Clean the slot and face of burner head of
flame units carefully. If there is a heavy build-
up of solids, clean burner heads by
sonication in a weak acid solution (1-3% v/v
nitric acid) for 1 5 to 30 minutes followed by a
deionized water rinse. Dry with acetone.
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Equipment Frequency Preventatlve Maintenance Requirements

Flush the burner chamber with Dl water
following analysis of samples high in
dissolved solids at end of day.

Annually
(Instrument
Specialist)

Clean spectrometer optics. Visually inspect
printed circuit boards throughout the system,
clean and repair as necessary.

Graphite Furnace AA Daily (Analyst) Inspect graphite tube and contact cylinders of
furnace units for wear and deposits; clean
according to manufacturer's
recommendations or replace as necessary.
Clean windows according to instrument
manufacturer's recommendations.

Calculate the characteristic mass Graphite
Furnace AA measurement for furnace units
and the characteristic concentration
measurement for flame units utilizing the
appropriate standard for each element to be
analyzed on that day. If there is over a 20%
change from the constant value, in either
measurement or if reproducibility degrades,
trouble-shoot the system (e.g., check system
set up, prepare fresh standards, inspect and
clean nebulizer if necessary, check auto
sampler capillary, replace hollow cathode,
electrodless discharge and/or deuterium arc
lamps).

Annually
(Instrument
Specialist)

Clean spectrometer optics. Visually inspect
printed circuit boards throughout the system,
clean and repair as necessary.

Drain and replace chiller pump oil.

Clean filters on furnaces.

Calibrate EDL power supplies.
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Equipment Frequency Preventatlve Maintenance Requirements

Inductively Coupled
Plasma

Daily (Analyst) Evaluate yittrium sensitivity and
reproducibility during standardization. When
one or both characteristics degrade, trouble-
shoot the system (e.g., check system set-up,
prepare fresh working standards from stock
solution, inspect the sample introduction
assembly-torch, injector tube, spray chamber,
nebulizer, pump tubing and sample tip for
wear or deposits, clean and replace
components as necessary).
Release the clamp on the peristaltic pump
tubing at the end of the day.

Inspect autosampler and tubing for solids
buildup, cracking or wear. Clean or repl;
components as required.

Weekly (Analyst) Remove torch and replace with clean
spare, clean used torch and Inspect It for
wear, put It aside for next scheduled
cleaning. Check torch alignment by
running appropriate internal checks. A
sensitivity check should be performed
after replacement of the torch.

Inspect the spectrometer lens. Clean lens
with a Q-tip and alcohol as necessary.
Check pump delivery rate. If it differs from
the set flow by more than 10%, replace the
tubing.

Inspect the coil. Clean or replace if signs of
surface oxidatoin are apparent.

Replace oil in vacuum pump.

Biweekly (Analyst) Change peristaltic pump tubing, if necesr *
adjust pump pressure to deliver a constahr'
and even sample flow.
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Equipment Frequency

Monthly (Analyst)

Semi-annually
(Analyst)

Preventatlve Maintenance Requirements

Check oil level in the vacuum pump. Refill as
necessary.

Remove dust from the intake air filters.

Clean and oil roller assembly of peristallic
pump.
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Equipment

Autoclave

Frequency

Semi-annually
(Analyst)

Preventative Maintenance Requirements

Verify the accuracy of the temperature gauge
using a maximum temperature reading
thermometer.
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BALANCES

Equipment

Balances

Frequency

Daily (Analyst)

Annually (Outside
Vendor)

Preventative Maintenance Requirements

Verify balance calibration. Each check weight
should read within its true weight ±2 in the
right-most digit read by the balance during
the initial weighing and +3 in subsequent
weighings.

Carefully clean the balance pan, the balance,
and the area around the balance after each
use.

Clean and calibrate balances.
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Equipment Frequency Preventative Maintenance Requirements

Gas Chromatographs Daily (Analyst)

Quarterly
(Analyst)

Semi-Annually
(Analyst)

Annually
(Instrument
Specialist)

Inject an appropriate solvent to evaluate the
flatness of the baseline, retention time, peak
area and peak shape. If any anomalies are
found, trouble-shoot the system by first
cleaning the injector, then, if necessary,
changing the columns, and then checking the
detectors electronic system.

Evaluate the sensitivity and reproducibility of
the analytical system during standardization.
When one or both characteristics degrade,
trouble-shoot the system.

Clean and change all air filters, as applicable
to the type of instrument.

Perform a wipe test on each electron of
radioactive material.

Clean the printed circuit boards and inspect
them for broken traces, evidence of
overheating, etc.

Verify injector, detector and column oven
tempera-tures. Verify and record oven
temperature program rates.

Carefully vacuum the inside rear of the
instruments to remove dust.

Gas
Chromatograph/Mass
Spectrometers

Daily (Analyst) Run Decafluorotriphenyl Phosphine (DFTPP)
or Bromofluorobenzene (BFB) to verify mass
spectrometer sensitivity and tuning.

Evaluate the sensitivity and reproducibility of
the system during standardization. When
one or both characteristics degrade, trouh1"1-
shoot the system. ^
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Equipment

Liquid Chromatographs

Frequency

Quarterly
(Analyst)

Following Source
or Rod Cleaning
(Analyst)

Semi-Annually
(Instrument
Specialist)

Annually
(Instrument
Specialist)

Tri-Annually
(Analyst)

Daily (Analyst)

Semi-Annually
(Instrument
Specialist)

Preventative Maintenance Requirements

Clean and change all air filters.

Change the mechanical pump oil.

Clean and change if necessary the fan
screens.

Run Perfluorotributylamine (FC-43) to verify
resolution and mass range calibration after
cleaning the source or rods.

Check turbo pump oil levels on INCOS 50
Models.

Inspect and clean the power supply and
printed circuit boards.

Clean and replace if necessary, the water
filters on FINN 4500 models.

Change the diffusion pump oil.

Evaluate the sensitivity and reproducibility of
the system during standardization. When
one or both characteristics degrade, trouble-
shoot the system.

Flush instrument with a cleaning solvent after
each use.

Check the solvent delivery system and flow
rate, using the same type of column and
instrument conditions each time.

Replace the reservoir filter and pump inlet
filter.

Check the inlet and outlet check valve.
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Equipment Frequency

Annually
(Instrument
Specialist)

Preventatlve Maintenance Requirements

Check the quartz cell for deposits, clean as
necessary according to manufacturer's
instructions.

Lubricate the pump gear. (Not required for
units equipped with self-lubricating pumps.)

For instruments so equipped, inspect the
optical filter and lamp. Clean or replace as
necessary.

Replace plunger seals and the TFE plug seal
in the injector.
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CALORIMETERS

Equipment

Calorimeters

Frequency

Daily (Analyst)

As required
(Analyst)

Preventatlve Maintenance Requirements

Run a benzoic acid standard.

Clean the jacket, head, cup, and wires after
each firing, using soap and water followed by
tap and deionized water rinses.

Replace the firing wire.



Section No:
Revision No.:
Date:
Page:

CENTRIFUGES

QA-13
2

04/13/94
37 of 61

Equipment

Centrifuges

Frequency

Annually
(Instrument
Specialist)

Preventatlve Maintenance Requirements

Clean and inspect the motor. Repair as
necessary.
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CONDUCTIVITY CELLS

Equipment

Conductivity Cells, YSI
3400

Frequency

Daily (Analyst)

Quarterly
(Analyst)

Preventatlve Maintenance Requirements

Inspect the cell. If platinum black coating
appears to be thin or flaking off, clean the
electrodes and replatinize as described in the
instruction manual.

Store the cell in deionized water when not in
use.

Run a series of 4 standards ranging from 200
to 10,000 umhos to determine the linearity of
the calibration curve. Calculate calibration
factor.

Clean the gold and silver leads.
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Equipment Frequency Preventatlve Maintenance Requirements

Dl Water System Daily (Surveillance
Monitor)

Record the resistivity reading on the
secondary meter which monitors the water
recycling through the closed loop to the
laboratories and back. The meter should
read 12 or greater megaohms. The reading
should be recorded in the surveillance log.
Any major drop in value should be reported
to the instrument specialist.

Daily (Inorganic
Laboratory
Analyst)

Record the conductivity of the finished water
to insure that the conductivity is <2
umhos/cm.

Monthly (Facility
Technician)

Change the solids filter monthly at a
minimum, or whenever a restriction in make-
up service water is observed, whichever is
more frequent.

Monthly (IO Lab
Analyst)

Measure Dl water system water quality at
point of use throughout the facility. See NUS
Laboratory Procedure AP-002, Reagent
Water and Controlled Temperature Unit
Quality Control Surveillance, for specific
instructions.

As needed
(Instrument
Specialist)

Replace recycle pumps as they become
noisy or worn.

Quarterly (Outside
Vendor)

The polishing filters should be replaced
quarterly, sooner if there were drought or low
flow conditions for any length of time.

Annually
(Instrument
Specialist)

Clean the cells (i.e., in the electrode which
measures resistivity) in the meter, replace if
faulty.

Calibrate the in-line conductivity meter.
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DISSOLVED OXYGEN PROBES

Equipment Frequency Preventatlve Maintenance Requirements

Dissolved Oxygen
Probes

Daily (Analyst) Check the membrane for deterioration.
Replace membrane and refill the KCL
solution as needed.

Check for tarnish/deterioration on the gold
cathode and silver anode; clean if necessary.

Store probe in BOD bottle one half full of
deionized (Dl) water. Calibrate against water
saturated air in storage bottle. (Allow the
probe to warm up before use.) Replace Dl
water in bottle when contaminated, and rinse
the end of probe with Dl water before
storage.
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Equipment Frequency Preventative Maintenance Requirements

All Electrodes Daily (Analyst)

As needed
(Analyst)

General Care:

Handle gently at all times.

Check filling solutions and storage solutions
daily.

Ensure that all electrodes are properly
capped and immersed in storage solution.

General Calibration Checks:

Normal slope for all electrodes is >-
approximately 58 mV ± 3 mV; if outside
range, check electrode.

Check calibration every two (2) hours,
whenever ambient/solution temperature
changes by 2°C or more, or after every 20
analyses, whichever is more frequent.

Trouble-shooting:

Off-Scale/Over Range Reading

-- Check the following:

• connection to meter
• filling solution
• inner body/sensor junction
• meter diagnostics
• standard/sample matrix
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Equipment Frequency Preventatlve Maintenance Requirements

Erratic (Noisy) Reading

-- Check the following:

• membrane/sensor body junction cone
• inner body
• meter

Drifting Reading

- Check the following:

• filling solution (both amount and type)
• matrix
• membrane/sensor body/junction cone
• solution temperature
• inner body

All Electrodes As needed
(Analyst)
(Continued)

Low or No Slope

Prepare fresh standards from stock solution;
perform checks listed for drift.
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Equipment

Ammonia-Gas Sensing
Electrodes

Fluoride Electrodes

Refillable
Fluoride
Electrodes

Nonrefillable
Fluoride
Electrodes

Frequency

Daily (Analyst)

Quarterly
(Analyst)

Daily (Analyst)

Daily (Analyst)

Preventative Maintenance Requirements

Check membrane closely for any
deterioration, discoloration or wetting.
Change membrane and filling solution if
necessary. (Allow 2 hours stabilization time
thereafter.)

always keep membrane immersed - either in
sample or standard during readings, or in 10
mg/L NH3-N with 10 M NaOH added between
readings. (Use pH 4 buffer with added NaCL
between low level ammonia readings. Never
store in pH 4 buffer, however.)

Store up to one week in 1000 mg/L NH3 >-/
without NaOH. Replace storage solution as
needed.

Perform inner body check and replace filling
solution.

Inspect junction cone and o-ring for clogging
or crystallization. If present disassemble,
rinse with deionized water and filling solution,
reassemble, and add filling solution. Allow at
least 2 hours to stabilize.

Check the filling solution level. Add filling
solution to level 1 inch above sample in
beakers at least one hour before use.

Store in 19 mg/L fluoride standard dilution.

Store covered with cap in place.

Stabilize 1/2 hour prior to use.
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Equipment

Reference
Electrodes

pH Electrodes

pH Electrodes
(Continued)

Frequency

Daily (Analyst)

Daily (Analyst)

Daily (Analyst)
(Continued)

Preventatlve Maintenance Requirements

Inspect junction cone and o-ring for clogging
and crystallization. If present, disassemble,
rinse with Dl water and filling solution,
reassemble, and add solution. Allow at least
two (2) hours to stabilize.

Check the filling solution level. Add filling
solution to level 1 inch above sample in
beakers at least one hour before use.

Store in tap water.

Check glass sensor bear and guard for
damage.
Ensure that no air bubbles are present in the
filling gel; if present, shake electrode
downward to remove.

Clean with one or more of the following:

• Dl water (and cotton swab if needed)
• Methanol or isopropanol (Never use any

other solvent).
• 0.1 M HCL or HNO3
• 0.1 M Tetrasodium EDTA solution

IMPORTANT: When using any cleaning
agent other than Dl water, restore the
electrode function by soaking at least 30
minutes in pH 7 buffer before use or storage.

Store the electrode with protective cap over
sensor, ensure that cap is moistened with Dl
water.
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TOXICITY EXTRACTORS

Equipment

Bottle Extractors

Zero Headspace
Extractors

Frequency

Quarterly
(Analyst)

Daily (Analyst)

Preventative Maintenance Requirements

Oil the extractor motor.

Check the number of revolutions per minute.
Adjust if necessary.

Inspect seals and screens; replace as
necessary.
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Equipment

Incubators

Muffle Furnaces

Ovens

Frequency

Daily (Analyst)

Semi-Annually
(Instrument
Specialist)

Each Use
(Analyst)

Preventative Maintenance Requirements

Record incubator temperature daily.

Check the accuracy of the temperature
gauge.

Perform a thermocouple check.

Record oven temperature each time samples
or reagents are put into or removed from the
oven. Verify that oven temperature is within
required range. If it is not, make an
appropriate adjustment.
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Equipment

Exhaust Hoods

Fume Hoods

Frequency

Biennially (Facility
Maintenance
Technician)

Annually
(Chemical
Hygiene Officer)

Quarterly
(Chemical
Hygiene Officer)

Biennially
(Analyst)

Biennially (Facility
Maintenance
Technician)

Preventatlve Maintenance Requirements

Check drive belts for fans, replace as
necessary.

Lubricate the fans.

Measure the air uptake with the air velocity
meter to verify that the air uptake is the same
value as that measured when the hood was
first installed (i.e., brand new). Record the
value in the maintenance log as cubic feet
per minute.

Perform a full face velocity traverse after
biennial inspection and repairs, and quarterly
thereafter.

Prior to the maintenance inspection, clean
the interior of the hood thoroughly.

Lubricate the fans.

Inspect fan drive belt, replace as necessary.
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Equipment Frequency Preventatlve Maintenance Requirements

mV/pH Meters Semi-Annually
(Instrument
Specialist)

Annually
(Instrument
Specialist)

Calibrate the member against a millivolt
standard.

Verify the accuracy of the temperature
compensator using a resistance standard for
instruments having automatic temperature
compensation capability. Verify the operation
of manual temperature compensators per
manufacturer's instructions.
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PERSONAL COMPUTERS/DATA SYSTEMS

Equipment

Personal Computers
and Data Systems

Frequency

Annually
(Instrument
Specialist)

Preventative Maintenance Requirements

Carefully clean interior of computer to remove
dust.



Section No:
Revision No.
Date:
Page:

QA-13
2

04/13/94
50 of 61

PURGE AND TRAP UNITS

Equipment

Purge and Trap Units

Frequency

Quarterly

Preventative Maintenance Requirements

Measure the rate of purge gas flow and
adjust if necessary.
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Equipment Frequency Preventative Maintenance Requirements

Alpha Spectrometers Daily (Analyst) Evaluate system performance daily.
Performance checks should include a
background count, source count rate checks,
and a peak resolution check.

Monthly (Analyst) Thoroughly clean the sample chamber
monthly at a minimum, or when any
background increases are observed.

Visually inspect signal and high voltage
cables.

Quarterly
(Analyst)

Check high voltage supplies to determine '
regular drifts or other factors have causeo-'
high voltage to change.

Semi-Annually
(Analyst)

Check time bases for timers.

Annually (Analyst) Check ADC/MDC linearity, either integral or
differential.

Gamma Spectrometers Daily (Analyst) Evaluate system performance. Performance
checks should include a background count,
count rate checks, and peak resolution
check. The count rate and resolution checks
should be made, as a minimum, at one high
and one low gamma energy. (The preferred
gammas are the 0.122 MeV peak of Cobalt-
57 and the 1.332 MeV peak of Cobalt-60, as
these are the same peaks used for detector
specifications.)

Monthly (Analyst) Visually inspect signal and high voltage
cables and connections.

Quarterly
(Analyst)

Inspect and clean or replace all air filters.
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Equipment

Gamma Spectrometers
(Continued)

Gas Proportional
Counter

Frequency

Semi-Annually
(Analyst)

Annually (Analyst)

Annually (Analyst)
(Continued)

Daily (Analyst)

Weekly (Analyst)

Monthly (Analyst)

Quarterly
(Analyst)

Preventatlve Maintenance Requirements

Check high voltage supplies to determine
whether regulator drifts or other factors have
caused the high voltage to change.

Thoroughly clean sample chambers to
remove any contamination.

Check time bases for any timers used.

Check ADC/MDC linearity, either integral or
differential.

Establish efficiency calibration curves for
each geometry routinely used for each
system, using an NBS-traceable mixed
radionuclide source.

Calibration curves should also be established
whenever the detector is replaced or
undergoes a major repair, and whenever
daily performance checks reveal
unacceptable performance that cannot be
resolved through adjustments or minor
repairs of electronic modules.

Count alpha and beta background check
sources for a predetermined time on a daily
basis. Performance checks should include:
background in the alpha and beta channels,
alpha source counts, and beta source counts.

Calculate cross talk; a significant change is
na indication of drift in the discriminator or
high voltage settings.

Visually inspect signal and high voltage
cables and connections.

Determine the transmission factors of zero
weight planchets for gross alpha and gross
beta. Compare to the counter's absolute
efficiency.



RADIOCHEMISTRY COUNTERS
(continued)

Section No:
Revision No.:
Date:
Page:

QA-13
2

04/13/94
53 of 61

Equipment

Gas Proportional
Counter (Continued)

Liquid Scintillation
Spectrometers

Frequency

With Each Gas
Change (Analyst)

Semi-Annually
(Analyst)

Annually (Analyst)

Annually (Analyst)
(Continued)

Daily (Analyst)

Monthly (Analyst)

Quarterly
(Analyst)

Preventative Maintenance Requirements

Inspect, and clean or replace all air filters.
Check high voltage supplies to determine
whether regulator drifts or other factors have
caused the high voltage to change.

Determine the detector plateau curve
quarterly and following any repair of
modification to the system. Following a
change of counting gas, the plateau curve
should either be redetermined or checked at
the highest and lowest voltages of the
previous plateau.

Check lubrication and alignment of automatic
sample changers.

Clean thoroughly all sample chambers to
remove any contamination.

Check time, bass for any timers used.

Prepare self-absorption curves using NBS-
traceable sources. In addition, calibrate the
system any time the performance check
indicates unacceptable operation. Calibration
curves should be prepared for both alpha and
beta emitters.

Count a background vial, or tritium check
source and a carbon-14 check source to
monitor the system's performance. Take
corrective action if unacceptable check is
obtained.

Prepare quench correction curves for those
procedures using such curves for efficiency
correction.

Inspect, clean or replace all air filters.
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Equipment Frequency Preventative Maintenance Requirements

Semi-Annuaily
(Analyst)

Check lubrication and alignment of automatic
sample changers.

Thoroughly clean all sample chambers to
remove any contamination.

Scintillation Cell
Counters (Radon
Emanation Counters)

Daily (Analyst) Run background and performance count rate
check, if not within acceptance limits, trouble-
shoot the system.

Monthly (Analyst) Clean thoroughly the flask chamber to
remove any contamination.

Semi-Annually
(Analyst)

Perform cell calibration using a known
standard to determine the cell's percent
efficiency. This voltage/count ratio for radium
by radon emanation is to be determined
semi-annually or whenever anomalous
standard recoveries show that the previously
determined ratio is no longer valid.

Survey Meters Semi-Annually
(Outside Vendor)

Calibrate each survey meter and probe
combination. The use of a meter with a probe
other than the one with which it was
calibrated constitutes the use of an
uncalibrated meter.

At a minimum, one calibration count rate
meter and one calibrated exposure rate
meter will be available at the laboratory at all
times. Instruments shipped to the vendor for
calibration will be cycled to comply with this
requirement.
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Equipment

Coolers/Freezers

Frequency

Daily (Surveillance
Monitor)

Semi-Annually
(Facility
Maintenance
Technician)

Preventative Maintenance Requirements

Verify that the operating temperatures are
within acceptable limits; record the
temperature in the surveillance log.

Clean inside and outside of unit with
detergent. Rinse thoroughly.

Defrost freezers.
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RECORDERS
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Equipment

Recorders

Frequency

Semi-Annually
{Instrument
Specialist)

Preventative Maintenance Requirements

Calibrate those voltage ranges and chart
speeds routinely used.
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SONICATORS

Equipment

Sonicators

Frequency

Daily (Analyst)

Preventative Maintenance Requirements

Inspect the tip for pitting. Replace as
necessary.
Tune the sonicator according to
manufacturer's instructions.
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SPECTROPHOTOMETERS
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Equipment Frequency Preventatlve Maintenance Requirements

Infrared Spectrometers Daily (Analyst) Evaluate the sensitivity and reproducibility of
the instrument. When one or both degrades,
trouble-shoot the system.

Quarterly
(Analyst)

Run a baseline scan to check beam balance,
detector noise, and slit program.

Run a polystyrene film to check wave length
accuracy and sensitivity.

Annually
(Instrument
Specialist)

Clean the spectrometer optics. Inspect the
chopper belt for wear and replace if
necessary.

Turbidimeters Daily (Analyst) Evaluate the sensitivity and reproducibility of
the instrument during standardization. When
one or both characteristics degrade, trouble-
shoot the system.

Annually
(Instrument
Specialist)

Clean the turbidimeter optics and verify the
focusing. Check the range adjustment and
adjust if necessary. Visually inspect the
printed circuit boards, clean and repair them
if necessary.

UV-Visible
Spectrometers

Daily (Analyst) Evaluate sensitivity and reproducibility of
instrument during standardization. When one
or both characteristics degrade, trouble-shoot
the system.

Monthly (Analyst) Check for wavelength accuracy, photometric
linearity, and stray radiant energy using a set
of filters or solutions such as Oxford
standards.
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Equipment Frequency Preventative Maintenance Requirements

Semi-Annually
(Instrument
Specialist)

Clean the spectrometer optics semi-annually
at a minimum or whenever monthly checks
indicate a problem. Visually inspect the
printed circuit boards; clean and replace them
as necessary.
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TITRIMETERS

Equipment

Titrimeters (Karl Fisher,
et. al.)

Frequency

Daily as required
(Analyst)

Monthly (Analyst)

As Required
(Analyst)

Preventative Maintenance Requirements

Check all lines and connections for leaks.
Check tubing and cap assembly on reagent
bottles for tightness.

Check for the formation of crystals at
connection points and especially in the Teflon
stopcocks of the burettes. Remove crystal as
described in instrument manual.

Check the condition of the Dierite".
Regenerate as required.

Check for cracks or chips on the lip of the
reaction vessel. Replace as necessary.

Check the magnetic latch. Clean as
necessary.

Inspect the o-rings under the gland nuts on
the cover assembly and the reaction vessel
gasket for deterioration. Replace as
necessary.

Whenever sensitivity declines, remove
material coating the tips of the electrodes as
described in the instrument manual.
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WATER BATHS

Equipment

Water Baths

Frequency

Daily (Analyst)

Preventative Maintenance Requirements

Fill bath with deioized water only to minimize
corrosion.

Clean up any spills in or around water bath.
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LOW LEVEL VOLATILE ORGANICS ANALYSIS BY
GAS CHROMATOGRAPHY/MASS SPECTROMETRY

1.0 SCOPE AND APPLICATION

This method covers the determination of volatile organics in residential water
for the Summit National Superfund Site Operation and Maintenance Period
project. Reporting limits are listed in Table 1.

2.0 SUMMARY OF METHOD

An inert gas is bubbled through a 25 mL volume of sample contained in a
specifically designed purging chamber at ambient temperature. The purgeables
are efficiently transferred from the aqueous phase to the vapor phase. The
vapor is swept through a sorbent column where the purgeables are trapped.
After purging is completed, the sorbent column is heated and backflushed with
inert gas to desorb the purgeables onto a gas chromatographic column. The
gas chromatograph is temperature-programmed to separate the purgeables,
which are then detected with a mass spectrometer operating in the electron
ionization (El) mode.

3.0 PROCEDURE

3.1 Sample Preservation

Collect the sample in at least 3 40-mL glass vials with Teflon-lined septa
without headspace. Preserve with HCI to pH <2 at sample collection. Store
at 1-5 degrees C in a cooler dedicated to VOA sample storage. Complete
analysis within 14 days of sample collection.

3.2 Standard Preparation

Stock standards are purchased commercially in sealed ampoules. Depending
on the concentration of the purchased solution, intermediate standards may
be prepared in methanol, or working standards may be prepared directly from
the ampoules. Aliquots of stock solutions are combined as necessary to

Approvals:

Technical Operations Date ^QiJality /As§ufance Date Group Ls&aer
Manager Director 'J
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prepare intermediate or working standards that contain the analytes of interest.
Prepare standard solutions as follows.

3.2.1 Check the expiration date on any stock or intermediate standard to be
diluted. Discard material exceeding the expiration date according to
waste management procedures.

3.2.2 Determine the appropriate volume of standard material to add to the
flask to obtain the desired final concentration as follows:

V = (DC/SC) x FV

where V = volume of standard material to be added
DC = desired concentration
SC = standard material concentration
FV = final volume

3.2.4 Fill a volumetric flask just to the neck with dilution solvent.

For gases, remove the entire contents of the ampoule using a syringe
and quickly transfer the appropriate amount of standard to the flask to
obtain the desired concentration in jjgfmL. Use a syringe to add the
liquid material directly to the solvent without contacting the neck of the
flask. Immerse the needle tip below the surface of the solvent before
expelling the solution to reduce evaporation of the standard material.
Either partition the remainder of the ampoule into flasks as additional
dilutions or discard it. Do not store the remainder because verification
of concentration would be required before reuse.

For less volatile analytes, using a syringe and quickly transfer the
appropriate amount of standard to the flask to obtain the desired
concentration in fjg/mL. Use a syringe to add the liquid material directly
to the solvent without contacting the neck of the flask. Immerse the
needle tip below the surface of the solvent before expelling the solution
to reduce evaporation of the standard material.

3.2.5 Add dilution solvent until the bottom of the meniscus reaches the
volume mark of the flask using a disposable pipet. Place the tip of the
pipet close to the volume mark without immersing it in the dilution
solvent. Avoid wetting the neck of the flask above the volume mark.

3.2.6 Stopper the flask and invert three times to mix thoroughly.

3.2.7 Transfer aliquots of intermediate standard solutions to 100-j/L vials
without headspace using a Pasteur pipet. Label bottles or vials
containing standard solutions with the following information:



Method No.: CRA/SN-LLVOA
Revision: 0
Effective Date: 04/13/94
Page: 3 of 23

• Solution name and concentration - use sufficient detail in the
description to identify it from other solutions.

• Identification number.

• Date prepared and preparer.

• Expiration date.

3.2.8 Store volatile and semivolatile standard solutions in separate refrigerated
storage areas to prevent cross-contamination of standard materials
and/or solvents. Store standard solutions in Teflon-sealed containers at
:< 4° C.

3.2.9 Check for minimal to zero headspace in the containers. Mark the
meniscus level on any container where headspace in the vial is apparent.

3.2.10 Visually check standard stock solutions prior to use for evidence
of degradation or evaporation. Allow the vial to reach room
temperature before checking the headspace level.

3.2.11 Replace the solutions sooner than the periods indicated below if
degradation or evaporation occurs or if comparison with quality
control check samples indicate a problem.

Length of storage periods are as follows:
• Liquid standards - replace monthly.

• Gas standards - replace weekly.

3.3 Instrument Set-up and Tuning

3.3.1 Perform instrument set-up as described below for capillary column
operation.

___Parameter ___Operating Condition

Column Type Capillary

Column Specifications 105 m, 0.53 mm I.D. or
60 m, 0.53 mm I.D.

Flow Rate/Gas 30 - 40 cm/sec

Column Temperature 105 m: 40°C (1 min) to 165°C
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at 5°C/min, 165°C to 230°C at
20°C/min.

60 m: 10°C (1 min) to 130°C at
8°C/min, 130°C to 230°C at
20°C/min.

Cryogenic cooling using liquid N2
is required whenever using the 60
m capillary column.

Trap Minimum length - 25 cm. Should
contain 15 cm of Tenax 60/80
mesh and 8 cm of silica gel 35/60
mesh or equivalent phase.

3.3.2 Tune the instrument as follows:

3.3.2.1 Manually inject 50 ng of BFB and check that the GC/MS
system meets the standard mass spectral ion abundance
criteria listed below:

Mass ____BFB Ion/Abundance Criteria

50 15.0 - 40.0 percent of mass 95

75 30.0 - 60.0 percent of mass 95

95 Base peak, 100 percent relative abundance

96 5.0 - 9.0 percent of mass 95

173 Less than 2.0 percent of mass 174

174 Greater than 50.0 percent of mass 95

175 5.0 - 9.0 percent of mass 174

176 Greater than 95.0 but less than 101.0 percent
of mass 174

177 5.0 - 9.0 percent of mass 176

3.3.2.2 Retune the system if criteria are not met. Do not proceed
with analysis until a successful tune is performed.

3.3.2.3 Repeat the BFB calibration every 12 hours of operation or
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whenever corrective actions are taken that change or affect
the tuning criteria (e.g., ion source cleaning or repair). The
12-hour period begins with the BFB injection.

3.4 Initial Calibration

3.4.1 Prepare a 5-point initial calibration curve as follows.

3.4.1.1 Assemble the purge and trap device. Condition the trap
initially according to manufacturer's instructions. Prior to
daily use, condition the trap for 10 minutes by back-
flushing at 180°C with the column at 220°C.

3.4.1.2 Fill a 40-mL VOA vial with 40.0 mL reagent water.

3.4.1.3 Spike target analyte calibration standards into the vial and
cap immediately. Spike to achieve standard solutions at
2, 5, 10, 20, and 30 //g/L. Spike with internal standards
at 5 //g/L and with surrogates at 10 //g/L.

3.4.1.4 Connect the purge and trap device to a gas chromatograph.
The gas chromatograph must be operated using the
parameters listed in step 3.1.1.

3.4.1.5 Purge the standard for 11.0 ± 0.1 minutes at ambient
temperature for waters and medium level soils, and at 40°C
for low level soils.

3.4.1.6 Adjust the device to the desorb mode and begin the GC/MS
analysis. Concurrently, introduce the trapped materials to
the gas chromatographic column by rapidly heating the trap
to 180°C while backflushing the trap with an inert gas at
20 - 60 mL/min for 4 minutes.

3.4.1.7 Desorb for four minutes. Recondition the trap by turning
it to the bake mode. Allow the trap to bake at 220°C for
11.0 minutes. Turn off the trap. When cool, the trap is
ready for the next standard.
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3.4.2 Tabulate the area response of the compound characteristic ions against
concentration for each compound and internal standard. Calculate
relative response factor (RRF) for each compound using the following
equation:

RRF = Ax x Cis
Ais Cx

where Ax = Area of the characteristic ion for the compound
to be measured

Ais = Area of the characteristic ion for the specified
internal standard (see Table 2)

Cis = Concentration of the internal standard

Cx = Concentration of compound to be measured

3.4.3 Calculate the average Relative Response Factor (RRF.ve) for each
compound. The RRF .̂ of the five system performance check
compounds (SPCC) listed below must be at least 0.300, with the
exception of 0.250 for bromoform.

_____SPCC_____

Chloromethane
1,1-Dichloroethane
Bromoform
1,1,2,2-Tetrachloroethane
Chlorobenzene

3.4.4 Calculate the % relative standard deviation (% RSD) of RRF values for
each compound. The maximum acceptable % RSD for the calibration
check compounds (CCC) listed below is 30%.

CCC

Vinyl chloride
1,1 -Dichloroethene
Chloroform
1,2-Dichloropropane
Toluene
Ethylbenzene

The % RSD is calculated as follows:
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% RSD = Standard Deviation x 100
Mean

3.4.5 Once the criteria for initial calibration have been met, report the RRFav.
and % RSD for all compounds.

If the SPCC and CCC criteria are not met, evaluate the system and take
corrective measures before proceeding with method blank or sample
analysis.

3.5 Continuing Calibration

3.5.1 Analyze a 10 yt/g/L calibration standard containing all target compounds
every 12 hours immediately following a successful tune.

3.5.2 The RRF of the five system performance check compounds (SPCC)
listed below must be at least 0.300, with the exception of 0.250 for
bromoform.

_____SPCC_____

Chloromethane
1,1 -Dichloroethane
Bromoform
1,1,2,2-Tetrachloroethane
Chlorobenzene

If SPCC criteria are not met, take corrective actions to isolate and
correct the problems before continuing with analysis.

3.5.3 Perform a continuing calibration check to verify the validity of the initial
calibration by evaluating the % difference of the RRF for calibration
check (CCC) compounds.

CCC

Vinyl chloride
1,1 -Dichloroethene
Chloroform
1,2-Dichloropropane
Toluene
Ethylbenzene

Calculate % difference as follows.
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% Difference = RRFm, - RRFr x 100
RRF.V.

where RRFW. = average response factor from
initial calibration.

RRFC = response factor from current
continuing calibration standard

If the % difference for each CCC is < 25.0%, assume the initial
calibration is valid and continue analysis. If the % difference for any
CCC is > 25.0%, take corrective action, f the source of the problem
cannot be determined, generate a new five-point initial calibration curve.
The calibration criteria must be met before analysis can continue.

Note: If continuing calibration is being performed for a limited set of
compounds (e.g., BTEX) sample analysis may proceed as long
as % difference is < 25.0% and minimum response factor is
>_ 0.300 for each target analyte.

3.6 Water Sample Analysis

3.6.1 Repeat step 3.4.1 using 40 ml of sample in place of the calibration
standard.

3.6.2 If any compound in the sample exceeds linear calibration range, clean
the system by analysis of method blanks until a blank free of
interferents is obtained. Reanalyze the sample at a dilution at which no
target compound is saturated. Adjust to the final volume with reagent
water.

3.6.3 Tabulate the retention time and EICP area for each internal standard
against that of the most recent 12-hour continuing calibration standard.
If the following criteria are not met, reanalyze the sample:

• The retention time for each internal standard must not change
by more than 30 seconds from the latest 12-hour continuing
calibration standard.

• The extracted ion current profile (EICP) area for the quantitation
ion for each internal standard must not change by more than
a factor of two (-50% to +100%) from that of the latest 12-
hour continuing calibration standard.

3.6.4 Calculate the surrogate spike recoveries as follows:

Percent Surrogate Recovery = Qd x 100
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Qa

where Qd = quantity determined by analysis
Qa = quantity added to sample

The surrogate spike recoveries must be within the limits listed on Table
3. Acceptable recovery in the method blank must be obtained prior to
analyzing the samples. If recovery of a surrogate is outside acceptance
limits for a sample, the sample must be reanalyzed.

3.7 Identification of Target Compounds

3.7.1 Identify volatile target compounds by comparison of the sample and
standard mass spectra generated during a 12-hour period.

3.7.2 Positively identify a compound by meeting the following criteria:

• The relative retention time (RRT) of the sample component is
within ± 0.06 RRT units of the standard component.

• All ions present in the standard mass spectrum at a relative
intensity greater than 10% (most abundant ion in the spectrum
equals 100%) must be present in the sample spectrum.

• The relative intensities of ions specified in the above paragraph
must agree within ± 20% absolute intensity between the
standard and sample spectra.

• Ions greater than 10% in the sample spectrum but not present
in the standard spectrum must be considered and accounted for
by the analyst making the comparison. When GC/MS computer
data enhancement programs are used to obtain the sample
component spectrum, both the enhanced and the raw spectra
must be evaluated. The verification process should favor false
negatives.

3.8 Quantitation of Target Compounds

3.8.1 Quantify target components identified by the internal standard method.
The internal standard nearest the retention time of a given analyte is
used for quantitation (see Table 2).

3.8.2 The relative response factor (RRF) from the daily standard analysis is
used to calculate the concentration in the sample. Use the response
factor as determined in step 3.4.2 and the following equations:

Note: Since o- and p-xylene overlap on the packed column, the
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xylenes must be quantitated as m-xylene. Likewise, since m-
and p-xylenes coelute on the capillary column, the xylenes must

be reported as o-xylene. The concentration of all xylene isomers
must be added together and the result reported as total xylenes.

Concentration {in fjg/L) = __(AJ (lt)
(AJ(RF)(VJ

where Ax = Area of the characteristic ion for
the compound to be measured

AJ. = Area of the characteristic ion for
the specified internal standard

I. = Amount of internal standard added
in ng

V0 = Volume of water purged in ml_
(take into account any dilutions)

4.0 DATA COLLECTION

4.1.1 Document all data in a bound lab notebook for each set of analyses performed.
Entries must be made at the time of analysis. Examples of appropriate forms
for data collection (i.e., assignment sheets and injection log) are shown on
Figures 1-3.

Data collection should include the following:

• method code and brief description (e.g., 25-mL Purge VOA).

• instrument parameters.

• date and time of BFB injection, and analyst(s) signature(s).

• lab sample number and aliquot, and data system filename. Identify any
lab quality control samples (method blanks, MS/MSDs, LCSs).

• spikes added, to include the spiking solution identification number and
the volume of spike added.

4.1.2 Forward the following to data management from each 12-hour tune for data
package preparation:

• description of problems encountered and actions taken during sample
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analysis on corrective action records

• initial and continuing calibration files

• tune files

• sample and associated quality control sample files (method blank, lab
control standard, MS/MSD)

• chromatograms, quantitation reports, and mass spectra for samples and
associated quality control samples

• logbook page(s) and assignment sheets

5.0 QUALITY CONTROL

5.1 Method Blank Analysis

Run a method blank analysis every 12 hours immediately following a
successful initial or continuing calibration as follows. Analyze an aliquot
of reagent water according to the procedure described in Section 3.4.

A method blank must not contain more than five times the reporting
limit of the following common laboratory solvents: methylene chloride,
acetone and 2-butanone.

Evaluate internal standard response and retention times and surrogate
spike recoveries as described in Sections 3.6.3 and 3.6.4. These
criteria must be met prior to proceeding with sample analysis.

5.2 Lab Control Standard (LCS)

Prepare and analyze an LCS each day samples are run. Spike an aliquot of
reagent water with 8 fjL of the matrix spiking solution, and perform VOA
analysis.

Recovery of at least 12 of the 13 LCS compounds the surrogate standard
compounds must meet the must meet the limits listed in Table 3. If the
recovery of 2 or more LCS compounds or 1 surrogate compound is
unacceptable, troubleshoot the GC/MS system and/or standards and obtain
acceptable LCS recovery before proceeding with analysis.

5.3 Matrix Spike/Matrix Spike Duplicate Analysis (MS/MSD)

Prepare and analyze an MS/MSD with every twenty samples of similar matrix
and concentration. Take two additional aliquots of the selected sample(s),
spiked with 8 fjL of the matrix spiking solution, and perform VOA analysis.



Method No.: CRA/SN-LLVOA
Revision: 0
Effective Date: 04/13/94
Page: 12 of 23

When a sample requiring dilution has been chosen as the MS/MSD, the
MS/MSD must be analyzed at the same dilution as the unspiked sample.
Calculate percent recovery as follows:

Percent Recovery = SSR - SR x 1 00
SA

where SSR - Spiked Sample Result
SR = Sample Result
SA = Spike Added

Calculate the relative % difference (RPD) as follows:

RPD = _2JD1^_Q2Lx 100
(D, + D2)

where D, = MS Result
D2 = MSD Result

Advisory MS/MSD percent recovery and RPD limits are listed on Table 3.
Since these limits are for advisory purposes only, they are not used to
determine if sample reanalysis is required.

5.4 METHOD DETECTION LIMIT STUDIES

A method detection limit (MDL) study is performed annually according to 40
CFR 1 36, Appendix B. Statistically-based MDLs must be less than or equal to
the reporting limit.

5.5 CONTROL LIMITS

The statistically-based limits for precision and accuracy listed in Table 3 are
updated periodically and, therefore, subject to change.

6.0 INTERFERENCES

6. 1 Impurities in the purge gas, organic compounds out-gassing from the plumbing
ahead of the trap, and solvent vapors in the laboratory account for the
majority of contamination problems. The analytical system must be
demonstrated to be free from contamination under the conditions of the
analysis by running laboratory method blanks. Use TFE-tubing and TFE-thread
sealants. Avoid using flow controllers with rubber components in the purging
device.

6.2 Samples can be contaminated by diffusion of volatile organics (particularly
fluorocarbons and methylene chloride) through the septum seal during storage
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and handling.

6.3 Contamination by carry-over can occur whenever high level and low level
samples are sequentially analyzed. To reduce carry over, the purging device
and sampling syringe must be rinsed with reagent water between sample
analyses. Whenever an unusually concentrated sample is encountered, it
should be followed by an analysis of reagent water to check for cross-
contamination.

6.4 For samples containing large amounts of water-soluble materials, suspended
solids, high boiling compounds or high purgeable levels, it may be necessary
to flush the purging device with a detergent solution, rinse it with distilled
water, and dry it in a 105°C oven between analyses. The trap and other parts
of the system are also subject to contamination; frequent bakeout and purging
of the entire system may be required.

7.0 SAFETY PRECAUTIONS

7.1 Wear a lab coat and safety glasses with side shields at all times while
performing this procedure. Wear gloves to avoid skin contact with acids,
bases, organic solvents and possible toxicants used as reagents or contained
in the samples for analysis.

7.1.1 Should skin or eye contact occur, flush the exposed area(s) with large
amounts of water and seek immediate medical attention.

7.1.2 Never pipet materials by mouth. Use a rubber bulb or other approved
suction device to transfer materials by pipet.

7.2 Handle and store all reagents in accordance with the precautions listed on the
material safety data sheets (MSDS).

7.2.1 Consult the MSDS for each reagent listed in this procedure before use.
The MSDS will provide pertinent information on toxicity, safety
precautions and storage conditions.

7.2.2 Always consult the label on the reagent bottle for up-to-date information
on safety precautions during handling, preferred storage conditions and
expiration data.

7.2.3 Label all flasks, vials, etc., with the intended contents prior to filling.
Follow established laboratory procedure in completing and affixing
labeling information to equipment.

7.3 Avoid breathing solvent and standard solution vapors. If overexposure to
vapors should occur, seek fresh air and immediate medical attention.
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7.4 Handle all glass equipment with care, particularly during assembly and
disassembly.

7.5 Avoid contact with hot GC parts (e.g., injection ports or transfer lines).

7.6 Vent GC/MS mechanical pump exhaust to the outside.

8.0 APPARATUS AND MATERIALS

8.1 Micro syringes: 5-/jL and larger, 0.006 inch ID needle.

8.2 Syringe valve: Two-way valve with Luer-lock ends (3-inch), if applicable to
the purging device.

8.3 Syringe: 5.0-mL, gas tight with shut-off valve.

8.4 Analytical Balance: Capable of weighing to 0.0001 g.

8.5 VOA vials: 40-mL, screw cap with teflon liner.

8.6 Flasks: Class A, volumetric with ground glass stoppers.

8.7 GC column: 105 m x 0.53 mm ID Rtx Volatiles or 60 m x 0.53 mm ID Rtx
502.2, or equivalent.

8.8 Purge and trap device: TEKMAR/LSC-2, Tekmar Model 4000/ALS or
equivalent.

8.9 Gas Chromatoaraph/Mass Spectrometer (GC/MS): Finnigan 4023/9610,
Finnigan Incos 50B or equivalent.

8.10 GC/MS Data System: Finnigan MAT-1 Incos or equivalent. System equipped
with Super Incos software.

8.11 Autosampler: Dynatech PTA SOW or PTA 30W/S or equivalent. Calibrate the
sample loop of each unit following installation.

8.12 Vials: 2-mL glass with Teflon-sealed screw caps.

8.13 Volumetric Flasks: 5-mL and 10-mL capacity with ground glass stoppers.

9.0 REAGENTS

9.1 Reagent water: Deionized water passed through an activated carbon column.

9.2 Sodium thiosulfate: Granular, ACS grade.
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9.3 Methanol: Pesticide quality or equivalent.

9.4 Stock standard solutions: Prepare from pure standard materials or purchase
commercially; prepare stock standard solutions in methanol using assayed
liquids or gases as appropriate.

9.5 Calibration Standards: Prepare calibration standards for each priority pollutant
and TCL compound at five concentration levels from stock solutions: 2, 5,
10, 20, and 30 //g/L. Alternatively, varying amounts of a TCL composite
standard may be used to obtain each of these concentrations.

9.6 Surrogate. Internal and Matrix Spiking Standard Solutions:

9.6.1 Surrogate and Internal Standards - Prepare solutions containing surrogate
and internal standards at a concentrations of 125 and 250 //g/mL of
each compound in methanol.

9.6.2 4-Bromofluorobenzene (BFB) Standard - Prepare a 50 //g/mL solution of
BFB in methanol.

9.6.3 LCS/Matrix Spiking Solution - Prepare a solution containing the following
compounds in methanol.

Benzene 25 ug/L
Chlorobenzene 25 ug/L
Chloroform 25 ug/L
Chloromethane 25 ug/L
1,1 -Dichloroethane 25 //g/L
1,1 -Dichloroethene 25 ug/L
1,2-Dichloropropane 25 ug/L
Ethylbenzene 25 ug/L
Methylbenzene [toluene] 25 ug/L
1,1,2,2-Tetrachloroethane 25 ug/L
Trichloroethene 25 //g/L
Tribromomethane [bromoform] 25 ug/L
Vinyl Chloride 25 ug/L

10.0 REFERENCES

U.S. EPA SW-846, "Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods," Volume IB, 1986, Method 8260.
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TABLE 1

Volatile Organics Reporting Limits for Residential Well Analyses

Parameter Water
ug/L

chloromethane 1
bromomethane 1
vinyl chloride 1
chloroethane 1
methylene chloride 1
acetone 2
carbon disulfde 1
1,1 -dichloroethene 1
1.1-dichloroethane 1
1.2-dichloroethene (total) 1
chloroform 1
1,2-dichloroethane 1
2-butanone 2
1,1,1-trichloroethane 1
carbon tetrachloride 1
bromodichloromethane 1
1,2-dichloropropane 1
cis-1,3-dichloropropene 1
trichloroethene 1
dibromochloromethane 1
1,1,2-trichloroethane 1
benzene 1
trans-1,3-dichloropropene 1
bromoform 1
4-methyl-2-pentanone 1
2-hexanone 2
tetrachloroethene 1
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TABLE 1
Volatile Organics Reporting Limits for Residential Well Analyses
Page Two

Parameter Water
ug/L

toluene 1
1,1,2,2-tetrachloroethane 1
chlorobenzene 1
ethylbenzene 1
styrene 1
xylenes (total) 1
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TABLE 2

Internal Standard Assignments

Bromochloromethane: 1,4-Difluorobenzene: Chlorobenzene:

1,2-dichloroethane-d4 vinyl acetate 4-methyl-2-pentanone
chloromethane 1,1,1-trichloroethane toluene
vinyl chloride carbon tetrachloride tetrachloroethene
bromomethane benzene 2-hexanone
chloroethane trichloroethene chlorobenzene
1,1 -dichloroethene 1,2-dichloropropane ethylbenzene
acetone bromodichloromethane xylenes
carbon disulfide 2-chloroethylvinyl ether styrene
methylene chloride cis-1,3-dichloropropene 1,1,2,2-tetrachloroethane
trans-1,2-dichloroethene trans-1,3-dichloropropene
1,1 -dichloroethane 1,1,2-trichloroethane
2-butanone dibromochloromethane
chloroform bromoform
acrolein
acrylonitriletrichlorofluoromethane
dichlorodifluoromethane
cis-1,2-dichloroethene
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TABLE 3

GC/MS VOA Control Limits

OUALIir CONTROL IESI FILE
VOLATILE ORGANICS - CC/HS

UAIER
PN: 00; AN: 020W

COMPOUND

1,1,1-trichloroe thine

1 , 1,2, 2- tetrichl orocthme

1,1,2- trf chloroethme

1,1-dichlor<Mth«ne

1,1-dlcfiloro*thtm

t,2-dlch(oro«thine

1,2-dlcMoropropane

2-but inane WEK1

2-chtora*thytv1nyl ether

2-h*»none

4-mthyl -2-pentimne(MI8K]

•cetone

beraene

broMOdichloremethine

bramanethine

cirban ditulflde

cirbon tetr«ch(oride

chlorobcruene

chloroethine

chloroform

chlorom thine

c<s-1,3-dichlaraprapene

COMBO

0850

OC01

OC03

OC04

OC05

OCU

OC16

OC29

OC31

OC32

OC38

OC40

OC44

OC46

OC47

OC48

OC49

OCSO

0001

0002

0003

0005

PRECISION AS RPO
Ul CL X S

112.3

113.5

111.6

19.06

111.3

19.28

110.1

146.3

S10.9

117.8

114.3

130.9

S9.22

S9.50

S.14.4

120.2

112.1

(0.92

115.5

if. 07

SIS. 3

iio.i

116.2

117.9

<15.4

111.5

114.9

112.1

113.3

162.6

114.6

<23.6

119.2

140.7

i12.1

112.5

118.5

126.2

115.8

111. 9

119.9

110.5

119.8

<13.4

4.44

4.7l

4.2*

4.2*

4.18

3.6?

3.8*

13.6J

3.4^

6.2J

4.5}

11.2*

3.4J

3.4i

6.25-

8.lA

4.6*

3.0*

6.d

3.li

6.3*

3./J

3.9J

4.3*

S.T!

2.4J

3.58

2.8J

s.ii
14.1
3.7*

5.BO-

4.9l

9.80

2.9J

s.oi
4.07

6.0]

3.7^

2.9i

4.3*

2.46s

4.50-

3.2l

CPK1
PERCENT RECOVERT OF LAB CONTROL STANDARDS ,

WL CL K S CPIT

79.9-111

75.0-114

83.4-115

81.4-118

67.4-129

75.8-119

77.1-115

57.8-129

53.9-124

60.3-119

62.8-125

56.5-136

79.4-111

80.3-114

67.2-136

48.8-135

74.5-114

83.3-112

66.6-130

78.7-119

64.6-125

78.1-110

72.0-119

65.2-124

75.5-123

72.2-127

52.1-144

65.1-129

67.6-124

40.0-147

36.3-142

45.6-134

47.1-141

36.5-156

71.5-119

71.9-122

50.1-153

27.3-156

64.6-124

76.2-119

50.7-146

68.6-129

49.6-140

70.2-117

95.66

94.79

99.04

99.76

97.95

97.29

96.00

93.49

89.1*

89.78

94.11

96.32

95.07

97.00

101.57

91.67

94.47

97.48

98.35

98.86

94.76

93.83

7.88

9.87

7.84

9.18

15.29

10.71

9.45

17.C2

17.623

14.73

15.68

19.93

7.8S

8.17

17.16

21.45

9.97

7.10

15.88

10.07

15.07

7.86

PERCENT RECOVEIT OF MATRIX SPUES
95X Cl 99X Cl X S

79.6-116

82.4-113

84.7-114

85.0-116

59.3-131

83.3-118

86.2-114

-

51.9-133

-

-

•

80.4-122

91.2-108

76.2-124

-

70.4-115

78.2-126

69.6-122

69.3-130

61.1-140

84.2-110

70.5-126

74.7-121

77.3-122

77.2-124

41.5-149

74.6-127

79.3-121

-

31.6-153

-

-

-

70.0-133

87.0-112

64.2-136

-

59.4-126

66.4-138

56.4-136

54.2-145

41.3-160

77.8-116

98.01

97.70

99.56

100.71

95.04

100.6*,

99.93

•

92.43

-

•

-

101.28

99.71

100.01

-

92.48

101.95

95.98

99.53

100.55

96.94

9.18

7.67

7.43

7.83

".86

•_>«

6.87

-

20.26

•

-

-

10.42

4.25

11.93

-

11.02

11.85

13.21

15.12

19.74

6.39
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TABLE 3
GC/MS VOA Control Limits (cont'd)
Page Two

OUALIlr CONTROL IESI FILE
VOLATILE OftCAHICS • GC/MS

UATE*
PM: 00; AM: O20U

COMPOUND

di bromochi oromthine

fttftffBS'&mrid*)

ethylbenzcne

oethyl benzene! toluene]

styrtne

tetnchloroethene

tram- 1 , 2-dl c*i 1 oroethene

tram* 1 , 3-dl eh \ oropropene

tr Ibroniomethcne (bremof orm)

trlchloroethene

vinyl icetite

vinyl chloride

xytene*, total

1,2-dlehloroetlune-d4 (S)

4-bromo(luorobenzene (S)

tolu«rvi-da (S)

COMBO

0008

0013

0018

005?

0040

0041

0044

0046

0047

OE01

OE02

OE03

OC1S

OC37

0042

PRECISION AS RPD .
Wl Cl X S CPK

ilO.5

116.2

<B.37

ill. 5

i11.7

s.10.8

3°. 90

<7.63

$12.6

<9.83

S13.5

119.6

sio.e

NA

NA

NA

113.9

S21-4

ill.O

115.5

i15.7

i14.3

112.9

59.90

116.7

SJ3.1

117.7

125.2

114.2

NA

NA

NA

j.ei
$.64

3.1o

3.59

3.8^

3.00-

3.8v

3.1(1

«.«.

3.25

s.oi
8.551

3.78

NA

NA

NA

3.ii

5.251

a.6J
3.96

3.97-

j.si
3.0J

2.27

4.08

3.29

*.2i
5.551

3.49

HA

NA

NA

NA

NA

NA

PERCENT RECOVERY OF LAD CONTROL STANDARDS ,
in ci x s a>r

82.1-115

79.2-117

83.1-110

79.4-112

83.9-110

64.2-123

77.9-110

81.0-110

76.0-115

60.3-125

69.7-125

82.5-112

83.0-114

91.6-108

91 .2-113

73.9-123

69.8-127

76.4-116

71.2-121

77.5-116

49.5- 138

69.7-119

n.9-117

66.2-125

44.1-142

55.8-139

75.2-119

75.2-122

87.4-112

85.8-118

98.41

98.18

96.42

95.94

96.76

93.65

98.2v

94.18

95.38

95.69

92.84

97.56

97.17

98.68

99.93

101.89

8.16

9.47

6.67

8.25

6.43

14.71

8.46 3

8.16

7.17

9.83

16.26

13.91

7.33

7.83

4.18

5.37

PERCENT RECOVERY OF MATRIX SPUES
95X Cl 99X Cl X S

81.1-117

83.4-127

75.7-117

76.6-118

-

44.7-136

•

76.1-110

75.8-111

70.9-127

-

34.5-140

-

NA

NA

NA

72.1-126

72.6-137

65.4-127

66.2-128

-

21.8-159

-

67.5-119

67.1-120

56.9-141

-

8.16-166

-

NA

NA

NA

99.20

104.98

96.34

97.27

-

90.50

-

93.22

93.35

98.74

-

87.18

-

NA

NA

NA

9.03

10.80

10.31

10.36

-

22.91

-

8.58

8.76

13.94

26.34

-

HA

NA

NA
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FIGURE 2
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VOLATILE ORGANICS ANALYSIS BY
GAS CHROMATOGRAPHY/MASS SPECTROMETRY

1.0 SCOPE AND APPLICATION

This method covers the determination of priority pollutant and US ERA CLP
target compound list (TCL) purgeable organics in water and sediment/soil for
the Summit National Superfund Site Operation and Maintenance Period project.
Reporting limits are listed in Table 1.

2.0 SUMMARY OF METHOD

Water Samples

An inert gas is bubbled through a volume of sample contained in a specifically
designed purging chamber at ambient temperature. The purgeables are
efficiently transferred from the aqueous phase to the vapor phase. The vapor
is swept through a sorbent column where the purgeables are trapped. After
purging is completed, the sorbent column is heated and backflushed with inert
gas to desorb the purgeables onto a gas chromatographic column. The gas
chromatograph is temperature-programmed to separate the purgeables, which
are then detected with a mass spectrometer operating in the electron
ionization (El) mode.

Sediment/Soil Samples

Low Level

An inert gas is bubbled through a sample/water mixture held at 40°C in
a specially designed purging chamber. The purgeables are efficiently
transferred from the aqueous phase to the vapor phase. The vapor is
swept through a sorbent column where the purgeables are trapped.
After purging is completed, the sorbent column is heated and
backflushed with inert gas to desorb the purgeables onto a gas
chromatographic column. The gas chromatograph is temperature-
programmed to separate the purgeables, which are then detected with
a mass spectrometer.

Approvals:

Technical Operations Date MJualjt^ A^irapce Date Group L$der if yDate
Manager Director
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Medium Level

A measured amount (usually 4 g) of soil is extracted with 10 ml
methanol. A portion (usually 100 jjL) of the methanol extract is diluted
to 5 ml_ with reagent water. At this point the sample is processed in
the same manner as described above for water samples.

3.0 PROCEDURE

3.1 Sample Preservation

3.1.1 Water

Collect the sample in 3 40-mL glass vials with Teflon-lined septa
without headspace. Preserve with HCI to pH <2 at sample collection.
Store at 1-5 degrees C in a cooler dedicated to VOA sample storage.
Complete analysis within 14 days of sample collection.

3.1.2 Soil

Collect sample in vial labeled for VOA analysis. Minimize headspace.
Store at 1-5 degrees C in a cooler dedicated to VOA sample storage.
Complete analysis within 14 days of sample collection.

3.2 Standard Preparation

Stock standards are purchased commercially in sealed ampoules. Depending
on the concentration of the purchased solution, intermediate standards may
be prepared in methanol, or working standards may be prepared directly from
the ampoules. Aliquots of stock solutions are combined as necessary to
prepare intermediate or working standards that contain the analytes of interest.
Prepare standard solutions as follows.

3.2.1 Check the expiration date on any stock or intermediate standard to be
diluted. Discard material exceeding the expiration date according to
waste management procedures.

3.2.2 Determine the appropriate volume of standard material to add to the
flask to obtain the desired final concentration as follows:

V = (DC/SO x FV

where V = volume of standard material to be added
DC = desired concentration
SC = standard material concentration
FV = final volume
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3.2.4 Fill a volumetric flask just to the neck with dilution solvent.

For gases, remove the entire contents of the ampoule using a syringe
and quickly transfer the appropriate amount of standard to the flask to
obtain the desired concentration in //g/mL. Use a syringe to add the
liquid material directly to the solvent without contacting the neck of the
flask. Immerse the needle tip below the surface of the solvent before
expelling the solution to reduce evaporation of the standard material.
Either partition the remainder of the ampoule into flasks as additional
dilutions or discard it. Do not store the remainder because verification
of concentration would be required before reuse.

For less volatile analytes, using a syringe and quickly transfer the
appropriate amount of standard to the flask to obtain the desired
concentration in //g/mL. Use a syringe to add the liquid material directly
to the solvent without contacting the neck of the flask. Immerse the
needle tip below the surface of the solvent before expelling the solution
to reduce evaporation of the standard material.

3.2.5 Add dilution solvent until the bottom of the meniscus reaches the
volume mark of the flask using a disposable pipet. Place the tip of the
pipet close to the volume mark without immersing it in the dilution
solvent. Avoid wetting the neck of the flask above the volume mark.

3.2.6 Stopper the flask and invert three times to mix thoroughly.

3.2.7 Transfer aliquots of intermediate standard solutions to 100-/A. vials
without headspace using a Pasteur pipet. Label bottles or vials
containing standard solutions with the following information:

• Solution name and concentration - use sufficient detail in the
description to identify it from other solutions.

• Identification number.

• Date prepared and preparer.

• Expiration date.

3.2.8 Store volatile and semivolatile standard solutions in separate refrigerated
storage areas to prevent cross-contamination of standard materials
and/or solvents. Store standard solutions in Teflon-sealed containers at
<.4° C.

3.2.9 Check for minimal to zero headspace in the containers. Mark the
meniscus level on any container where headspace in the vial is apparent.
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3.2.10

3.2.11

Visually check standard stock solutions prior to use for evidence
of degradation or evaporation. Allow the vial to reach room
temperature before checking the headspace level.

Replace the solutions sooner than the periods indicated below
if degradation or evaporation occurs or if comparison with
quality control check samples indicate a problem.

3.3

Length of storage periods are as follows:

• Liquid standards - replace monthly.

• Gas standards - replace weekly.

Instrument Set-up and Tuning

3.3.1 Perform instrument set-up as described below for capillary column
operation.

Parameter

Column Type

Column Specifications

Flow Rate/Gas

Column Temperature

Operating Condition

Trap

Capillary

105 m, 0.53 mm I.D. or
60 m, 0.53 mm I.D.

30 - 40 cm/sec

105 m: 40°C (1 min) to 165°C
at 5°C/min, 165°C to 230°C at
20°C/min.

60 m: 10°C (1 min) to 130°C at
8°C/min, 130°C to 230°C at
20°C/min.

Cryogenic cooling using liquid N2
is required whenever using the 60
m capillary column.

Minimum length - 25 cm. Should
contain 15 cm of Tenax 60/80
mesh and 8 cm of silica gel 35/60
mesh or equivalent phase.

3.3.2 Tune the instrument as follows:
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3.3.2.1 Manually inject 50 ng of BFB and check that the GC/MS system
meets the standard mass spectral ion abundance criteria listed
below:

Mass ____BFB Ion/Abundance Criteria

50 15.0 - 40.0 percent of mass 95

75 30.0 - 60.0 percent of mass 95

95 Base peak, 100 percent relative
abundance

96 5.0 - 9.0 percent of mass 95

173 Less than 2.0 percent of mass 174

174 Greater than 50.0 percent of mass 95

175 5.0 - 9.0 percent of mass 174

176 Greater than 95.0 but less than 101.0
percent of mass 174

177 5.0 - 9.0 percent of mass 176

3.3.2.2 Retune the system if criteria are not met. Do not proceed with
analysis until a successful tune is performed.

3.3.2.3 Repeat the BFB calibration every 12 hours of operation or
whenever corrective actions are taken that change or affect
the tuning criteria (e.g., ion source cleaning or repair). The 12-
hour period begins with the BFB injection.

3.4 Initial Calibration

3.4.1 Prepare a 5-point initial calibration curve as follows. Perform separate
initial calibrations for waters (ambient temperature purge), low level soils
(40°C purge) and medium level soils (ambient temperature purge with
methanol added).

3.4.1.1 Assemble the purge and trap device. Condition the trap initially
according to manufacturer's instructions. Prior to daily use,
condition the trap for 10 minutes by back-flushing at 180°C
with the column at 220°C.
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3.4.1.2 Fill a 16-mL screw cap autosampler vial with 10 mL reagent
water for the "W/S" autosamplers and 15 ml reagent water for
the "W" unit.

3.4.1.3 Spike target analyte calibration standards into the vial and cap
immediately. Spike to achieve standard solutions at 20, 50,
100, 150 and 200//g/L. For medium level soil calibrations, add
100 //L methanol.

3.4.1.4 Load the autosampler with the appropriate internal
standard/surrogate spiking solution. The 125 //g/mL solution is
used for systems C and D; the 250 //g/mL solution is used for
system E. (The difference is due to the internal standard sample
loop in each system.) The auto sampler will spike each
standard, sample and blank with the solution (2.0 //L for
systems C and D; 1.0 //L for system E).

3.4.1.5 Connect the purge and trap device to a gas chromatograph.
The gas chromatograph must be operated using the parameters
listed in step 3.1.1.

3.4.1.6 Purge the standard for 11.0 ± 0.1 minutes at ambient
temperature for waters and medium level soils, and at 40°C for
low level soils.

3.4.1.7 Adjust the device to the desorb mode and begin the GC/MS
analysis. Concurrently, introduce the trapped materials to the
gas chromatographic column by rapidly heating the trap to
180°C while backflushing the trap with an inert gas at 20 - 60
mL/min for 4 minutes.

3.4.1.8 Desorb for four minutes. Recondition the trap by turning it to
the bake mode. Allow the trap to bake at 220°C for 11.0
minutes. Turn off the trap. When cool, the trap is ready for
the next standard.

3.4.2 Tabulate the area response of the compound characteristic ions against
concentration for each compound and internal standard. Calculate
relative response factor (RRF) for each compound using the following
equation:

RRF = Ax x Cis
Ais Cx

where Ax = Area of the characteristic ion for the compound
to be measured
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Ais = Area of the characteristic ion for the specified
internal standard (see Table 2)

Cis = Concentration of the internal standard

Cx = Concentration of compound to be measured

3.4.3 Calculate the average Relative Response Factor (RRF .̂) for each
compound. The RRF ,̂. of the five system performance check
compounds (SPCC) listed below must be at least 0.300, with the
exception of 0.250 for bromoform.

_____SPCC_____

Chloromethane
1,1-Dichloroethane
Bromoform
1,1,2,2-Tetrachloroethane
Chlorobenzene

3.4.4 Calculate the % relative standard deviation (% RSD) of RRF values for
each compound. The maximum acceptable % RSD for the calibration
check compounds (CCC) listed below is 30%.

____CCC

Vinyl chloride
1.1-Dichloroethene
Chloroform
1.2-Dichloropropane
Toluene
Ethylbenzene

The % RSD is calculated as follows:

% RSD = Standard Deviation x 100
Mean

3.4.5 Once the criteria for initial calibration have been met, report the RRFav.
and % RSD for all compounds.

If the SPCC and CCC criteria are not met, evaluate the system and take
corrective measures before proceeding with method blank or sample
analysis.

3.5 Continuing Calibration
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3.5.1 Analyze a 50 jjgfL calibration standard containing all target compounds
every 12 hours immediately following a successful tune.

3.5.2 The RRF of the five system performance check compounds (SPCC)
listed below must be at least 0.300, with the exception of 0.250 for
bromoform.

_____SPCC____

Chloromethane
1,1-Dichloroethane
Bromoform
1,1,2,2-Tetrachloroethane
Chlorobenzene

If SPCC criteria are not met, take corrective actions to isolate and
correct the problems before continuing with analysis.

3.5.3 Perform a continuing calibration check to verify the validity of the initial
calibration by evaluating the % difference of the RRF for calibration
check (CCC) compounds.

____CCC

Vinyl chloride
1 , 1 -Dichloroethene
Chloroform
1 ,2-Dichloropropane
Toluene
Ethylbenzene

Calculate % difference as follows.

% Difference = RRFnvt - RRFC x 100

where RRF ,̂. = average response factor from
initial calibration.

RRFC = response factor from current
continuing calibration standard

If the % difference for each CCC is <_ 25.0%, assume the initial
calibration is valid and continue analysis. If the % difference for any
CCC is > 25.0%, take corrective action, f the source of the problem
cannot be determined, generate a new five-point initial calibration curve.
The calibration criteria must be met before analysis can continue.
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Note: If continuing calibration is being performed for a limited set of
compounds (e.g., BTEX) sample analysis may proceed as long
as % difference is <_ 25.0% and minimum response factor is
_>_ 0.300 for each target analyte.

3.6 Water Sample Analysis

3.6.1 Repeat step 3.4.1 using 10 or 15 ml_ of sample in place of the
calibration standard.

3.6.2 If any compound in the sample exceeds linear calibration range, clean
the system by analysis of method blanks until a blank free of
interferents is obtained. Reanalyze the sample at a dilution at which no
target compound is saturated. Adjust to the final volume with reagent
water.

3.6.3 Tabulate the retention time and EICP area for each internal standard
against that of the most recent 12-hour continuing calibration standard.
If the following criteria are not met, reanalyze the sample:

• The retention time for each internal standard must not change
by more than 30 seconds from the latest 12-hour continuing
calibration standard.

• The extracted ion current profile (EICP) area for the quantitation
ion for each internal standard must not change by more than
a factor of two (-50% to +100%) from that of the latest 12-
hour continuing calibration standard.

3.6.4 Calculate the surrogate spike recoveries as follows:

Percent Surrogate Recovery = Qd x 100
Qa

where Qd = quantity determined by analysis
Qa = quantity added to sample

The surrogate spike recoveries must be within the limits listed on Table
3. Acceptable recovery in the method blank must be obtained prior to
analyzing the samples. If recovery of a surrogate is outside acceptance
limits for a sample, the sample must be reanalyzed.

3.7 Soil/Sediment/Waste Sample Analysis

Note: Determine the method to use as follows or alternatively, screen all
soil/sediments by the medium level protocol:
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• Analyze the sample as a medium level soil/sediment if solvent
vapor or oily material is observed.

• Analyze the sample as a low level soil/sediment if solvent vapor
is not observed.

3.7.1 Analyze low level soil/sediment/waste samples as follows:

3.7.1.1 Do not discard any supernatant liquid. Mix the contents of the
sample container with a metal spatula.

3.7.1.2 Tare a 40-mL VOA vial and weigh 5.0 gm of sample into it.
Record the amount in the vial.

Note: If peaks are saturated from the analysis of a 5.0 gm
sample, analyze a smaller sample aliquot to prevent
saturation. However, the smallest sample aliquot
permitted is 1.0 gm. If less than 1.0 gm is needed,
the medium level method must be used.

3.7.1.3 Add 5.0 mL of reagent water and 5.0 fjL of the
surrogate/internal standard spiking solution to the vial.

3.7.1.4 Connect the 40-mL VOA vial to the purge and trap system.
Heat the sample to 40°C ± 1°C and proceed with the analysis
as described in steps 3.2.1d-g.

Evaluate internal standard responses and retention times and
surrogate spike recoveries as described in Sections 3.6.3 and
3.6.4.

3.7.2 Analyze medium level soil/sediment/waste samples as follows:

3.7.2.1 Do not discard any supernatant liquid. Mix the contents of the
sample container with a metal spatula.

3.7.2.2 Tare a 40-mL VOA vial and weigh 4.0 gm into it. Record the
amount in the vial.

3.7.2.3 Quickly add 9.0 mL of methanol followed by 1.0 mL of
surrogate spiking solution to the vial, cap, and shake for 2
minutes.

Note: Perform these additions rapidly to avoid loss of
volatiles.
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3.7.2.4 Allow the extract to settle for 2 minutes (approx.) and remove
1 -2 mL of the methanol solution to a 2-mL screw cap vial with
a teflon-lined septa. Label with "MLS" and sample number.
Use on the same day.

3.7.2.5 Add 100 fjL of the methanol extract and 5.0 //L of internal
standard spiking solution to 4.9 mL of reagent water. Inject the
water/methanol sample into the purging chamber and proceed
with the analysis as described in steps 3.2.1d-g.

Evaluate internal standard responses and retention times and
surrogate spike recoveries as described in Sections 3.6.3 and
3.6.4.

3.8 Identification of Target Compounds

3.8.1 Identify volatile target compounds by comparison of the sample and
standard mass spectra generated during a 12-hour period.

3.8.2 Positively identify a compound by meeting the following criteria:

• The relative retention time (RRT) of the sample component is
within ± 0.06 RRT units of the standard component.

• All ions present in the standard mass spectrum at a relative
intensity greater than 10% (most abundant ion in the spectrum
equals 100%) must be present in the sample spectrum.

• The relative intensities of ions specified in the above paragraph
must agree within ± 20% absolute intensity between the
standard and sample spectra.

• Ions greater than 10% in the sample spectrum but not present
in the standard spectrum must be considered and accounted for
by the analyst making the comparison. When GC/MS computer
data enhancement programs are used to obtain the sample
component spectrum, both the enhanced and the raw spectra
must be evaluated. The verification process should favor false
negatives.

3.9 Quantitation of Target Compounds

3.9.1 Quantify target components identified by the internal standard method.
The internal standard nearest the retention time of a given analyte is
used for quantitation (see Table 2).
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3.9.2 The relative response factor (RRF) from the daily standard analysis is
used to calculate the concentration in the sample. Use the response
factor as determined in step 3.4.2 and the following equations:

Note: Since o- and p-xylene overlap on the packed column, the
xylenes must be quantitated as m-xylene. Likewise, since m-
and p-xylenes coelute on the capillary column, the xylenes must

be reported as o-xylene. The concentration of all xylene isomers
must be added together and the result reported as total xylenes.

3.9.2.1 Water samples

Concentration (in jug/L) = (AK) (I,)
(AJ(RF)(V0)

where Ax = Area of the characteristic ion for
the compound to be measured

Aj. = Area of the characteristic ion for
the specified internal standard

I. = Amount of internal standard added
in ng

V0 = Volume of water purged in mL
(take into account any dilutions)

3.9.2.2 Medium level sediment/soil samples

Concentration (in yc/g/kg) = (Ax) (I.) (Vt)
(AJtRFHV.MW.)

3.9.2.3 Low level sediment/soil samples

Concentration (in yc/g/kg) = (Ax) (I,)
(AJ(RF)(W.)

where Ax, I., Aj. = same as above

Vt = Volume of total extract in fjL (use
10,000 fj/L or a factor of this when
dilutions are made)

Vj = Volume of extract added in fjL for
purging

W. = Wet weight of sample purged in gm
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4.0 DATA COLLECTION

4.1.1 Document all data in a bound lab notebook for each set of analyses performed.
Entries must be made at the time of analysis. Examples of appropriate forms
for data collection (i.e., assignment sheets and injection log) are shown on
Figures 1-3.

Data collection should include the following:

• method code and brief description (e.g., GC/MS - LLW).

• instrument parameters.

• date and time of BFB injection, and analyst(s) signature(s).

• lab sample number and aliquot, and data system filename. Identify any
lab quality control samples (method blanks, MS/MSDs, LCSs).

• spikes added, to include the spiking solution identification number and
the volume of spike added.

4.1.2 Forward the following to data management from each 12-hour tune for data
package preparation:

• description of problems encountered and actions taken during sample
analysis on corrective action records

• initial and continuing calibration files

• tune files

• sample and associated quality control sample files (method blank, lab
control standard, MS/MSD)

• chromatograms, quantitation reports, and mass spectra for samples and
associated quality control samples

• logbook page(s) and assignment sheets

5.0 QUALITY CONTROL

5.1 Method Blank Analysis

Run a method blank analysis every 12 hours immediately following a
successful initial or continuing calibration as follows.
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5.1.1 Low Level Water (LLW)

Analyze an aliquot of reagent water according to the procedure
described in Section 3.4.

5.1.2 Low Level Soil (LLS)

Analyze 5.0 mL of reagent water according to the procedure
described in Section 3.4.

5.1.3 Medium Level Soil (MLS)

Analyze 4.9 mL of reagent water and 100 jjL of methanol
according to the procedure described in Section 3.4.

5.1.4 Evaluation Criteria

A method blank must not contain more than five times the
reporting limit of the following common laboratory solvents:
methylene chloride, acetone and 2-butanone.

Evaluate internal standard response and retention times and
surrogate spike recoveries as described in Sections 3.6.3 and
3.6.4. These criteria must be met prior to proceeding with
sample analysis.

5.2 Lab Control Standard (LCS)

Prepare and analyze a LLW/LLS LCS each day LLW or LLS samples are run.
Extract and analyze a MLS LCS with each batch of up to 20 MLS samples
extracted together.

• For the LLW/LLS LCS, spike an aliquot of reagent water with 10 //L of
the matrix spiking solution, and perform VOA analysis.

• For MLS samples, spike 8 mL of methanol with 1 mL of MLS Matrix
Spiking Solution and perform VOA analysis.

Recovery of at least 12 of the 13 LCS compounds the surrogate standard
compounds must meet the must meet the limits listed in Table 3. If the
recovery of 2 or more LCS compounds or 1 surrogate compound is
unacceptable, troubleshoot the GC/MS system and/or standards and obtain
acceptable LCS recovery before proceeding with analysis.

5.3 Matrix Spike/Matrix Spike Duplicate Analysis (MS/MSP)
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Prepare and analyze an MS/MSD with every twenty samples of similar matrix
and concentration.

• For LLW and LLS samples, take two additional aliquots of the selected
sample(s), spiked with 10//L of the matrix spiking solution, and perform
VOA analysis.

• For MLS samples, take two additional aliquots spiked with 8 ml_ of
methanol and 1 ml_ of MLS Matrix Spiking Solution and perform VOA
analysis.

• When a sample requiring dilution has been chosen as the MS/MSD, the
MS/MSD must be analyzed at the same dilution as the unspiked sample.

Calculate percent recovery as follows:

Percent Recovery = SSR - SR x 100
SA

where SSR = Spiked Sample Result
SR = Sample Result
SA = Spike Added

Calculate the relative % difference (RPD) as follows:

RPD = _21D,^_D2L x 100
(D, + D2)

where D, = MS Result
D2 = MSD Result

Advisory MS/MSD percent recovery and RPD limits are listed on Table 3.
Since these limits are for advisory purposes only, they are not used to
determine if sample reanalysis is required.

5.4 METHOD DETECTION LIMIT STUDIES
*

A method detection limit (MDL) study is performed annually according to 40
CFR 136, Appendix B. Statistically-based MDLs must be less than or equal to
the reporting limit.

5.5 CONTROL LIMITS

The statistically-based limits for precision and accuracy listed in Table 3 are
updated periodically and, therefore, subject to change.

6.0 INTERFERENCES
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6.1 Impurities in the purge gas, organic compounds out-gassing from the plumbing
ahead of the trap, and solvent vapors in the laboratory account for the
majority of contamination problems. The analytical system must be
demonstrated to be free from contamination under the conditions of the
analysis by running laboratory method blanks. Use TFE-tubing and TFE-thread
sealants. Avoid using flow controllers with rubber components in the purging
device.

6.2 Samples can be contaminated by diffusion of volatile organics (particularly
fluorocarbons and methylene chloride) through the septum seal during storage
and handling.

6.3 Contamination by carry-over can occur whenever high level and low level
samples are sequentially analyzed. To reduce carry over, the purging device
and sampling syringe must be rinsed with reagent water between sample
analyses. Whenever an unusually concentrated sample is encountered, it
should be followed by an analysis of reagent water to check for cross-
contamination.

6.4 For samples containing large amounts of water-soluble materials, suspended
solids, high boiling compounds or high purgeable levels, it may be necessary
to flush the purging device with a detergent solution, rinse it with distilled
water, and dry it in a 105°C oven between analyses. The trap and other parts
of the system are also subject to contamination; frequent bakeout and purging
of the entire system may be required.

7.0 SAFETY PRECAUTIONS

7.1 Wear a lab coat and safety glasses with side shields at all times while
performing this procedure. Wear gloves to avoid skin contact with acids,
bases, organic solvents and possible toxicants used as reagents or contained
in the samples for analysis.

7.1.1 Should skin or eye contact occur, flush the exposed area(s) with large
amounts of water and seek immediate medical attention.

*

7.1.2 Never pipet materials by mouth. Use a rubber bulb or other approved
suction device to transfer materials by pipet.

7.2 Handle and store all reagents in accordance with the precautions listed oh the
material safety data sheets (MSDS).

7.2.1 Consult the MSDS for each reagent listed in this procedure before use.
The MSDS will provide pertinent information on toxicity, safety
precautions and storage conditions.
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7.2.2 Always consult the label on the reagent bottle for up-to:date information
on safety precautions during handling, preferred storage conditions and
expiration data.

7.2.3 Label all flasks, vials, etc., with the intended contents prior to filling.
Follow established laboratory procedure in completing and affixing
labeling information to equipment.

7.3 Avoid breathing solvent and standard solution vapors. If overexposure to
vapors should occur, seek fresh air and immediate medical attention.

7.4 Handle all glass equipment with care, particularly during assembly and
disassembly.

7.5 Avoid contact with hot GC parts (e.g., injection ports or transfer lines).

7.6 Vent GC/MS mechanical pump exhaust to the outside.

8.0 APPARATUS AND MATERIALS

8.1 Micro syringes: 5-//L and larger, 0.006 inch ID needle.

8.2 Syringe valve: Two-way valve with Luer-lock ends (3-inch), if applicable to
the purging device.

8.3 Syringe: 5.0-mL, gas tight with shut-off valve.

8.4 Balance:

8.4.1 Analytical: Capable of weighing to 0.0001 g.

8.4.2 Top loading: Capable of weighing to 0.1 g.

8.5 VOA vials: 40-mL, screw cap with teflon liner.

8.6 Flasks: Class A, volumetric with ground glass stoppers.

8.7 GC column: 105 m x 0.53 mm ID Rtx Volatiles or 60 m x 0.53 mm ID Rtx
502.2, or equivalent.

8.8 Purge and trap device: TEKMAR/LSC-2, Tekmar Model 4000/ALS or
equivalent.

8.9 Gas Chromatoaraph/Mass Spectrometer (GC/MS): Finnigan 4023/9610,
Finnigan Incos 50B or equivalent.
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8.10 GC/MS Data System: Finnigan MAT-1 Incos or equivalent. System equipped
with Super Incos software.

8.11 Autosamoler: Dynatech PTA SOW or PTA 30W/S or equivalent. Calibrate the
sample loop of each unit following installation.

8.12 Autosampler Vials: 16-mL capacity glass, screwtop vial with teflon-lined
septum caps.

8.13 Dynatech Autosampler Soil Vial: 30-mL (approx.) capacity with fritted glass.

8.14 Vials: 2-mL glass with Teflon-sealed screw caps.

8.15 Volumetric Flasks: 5-mL and 10-mL capacity with ground glass stoppers.

9.0 REAGENTS

9.1 Reagent water: Deionized water passed through an activated carbon column.

9.2 Sodium thiosulfate: Granular, ACS grade.

9.3 Methanol: Pesticide quality or equivalent.

9.4 Stock standard solutions: Prepare from pure standard materials or purchase
commercially; prepare stock standard solutions in methanol using assayed
liquids or gases as appropriate.

9.5 Calibration Standards: Prepare calibration standards for each priority pollutant
and TCL compound at five concentration levels from stock solutions: 20, 50,
1 00, 1 50, and 200 fjg/L. Alternatively, varying amounts of a TCL composite
standard may be used to obtain each of these concentrations.

9.6 Surrogate. Internal and Matrix Spiking Standard Solutions: Prepare the
indicated solutions as follows:

9.6.1 Medium Level Soil (MLS) Surrogate Spiking Solution - Prepare a solution
containing the following compounds in methanol.

Toluene-d8 25 fjg/rr\L
4-Bromofluorobenzene 25 /yg/mL
1,2-Dichloroethane-d4 25 yug/mL

9.6.2 MLS Internal Standard Spiking Solution - Prepare a solution containing
the following compounds in methanol.

Bromochloromethane 50
1 ,4-Difluorobenzene 50 yug/rnL
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Chlorobenzene-d5 5O

9.6.3 LLW/LLS Surrogate/Internal Standard Spiking Solution - Prepare solutions
containing surrogate and internal standards at a concentration of 125
and 250 yyg/mL of each compound in methanol.

9.6.4 4-Bromofluorobenzene (BFB) Standard - Prepare a 50 A/g/mL solution of
BFB in methanol.

9.6.5 LCS/Matrix Spiking Solution - Prepare a solution containing the following
compounds in methanol.

Benzene 25 ug/L
Chlorobenzene 25 ug/L
Chloroform 25 ug/L
Chloromethane 25 ug/L
1,1 -Dichloroethane 25 fjg/L
1.1-Dichloroethene 25 ug/L
1.2-Dichloropropane 25 ug/L
Ethylbenzene 25 ug/L
Methylbenzene [toluene] 25 ug/L
1,1,2,2-Tetrachloroethane 25 ug/L
Trichloroethene 25 //g/L
Tribromomethane [bromoform] 25 ug/L
Vinyl Chloride 25 ug/L

10.0 REFERENCES

10.1 U.S. EPA SW-846, "Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods," Volume IB, 1986, Method 8240 and Volume IB,
1992, Method 8260.

10.2 40 CFR Part 136, "Guidelines Establishing Test Procedures for the Analysis
of Pollutants Under the Clean Water Act; Final Rule and Interim Final Rule and
Proposed Rule," October 26, 1984, Method 624.

10.3 U.S. EPA Contract Laboratory Program, "Statement of Work for Organic
Analysis, Multi-Media, Multi-Concentration", OLM01.8.
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TABLE 1

Volatile Organics Reporting Limits for TCL and Priority Pollutant Analyses1

Parameter LLVW MLS
LLS

chloromethane 10 1200
bromomethane 10 1200
vinyl chloride 10 1200
chloroethane 10 1200
methylene chloride 5 620
acetone 10 1200
carbon disulfde 5 620
1,1-dichloroethene 5 620
1.1-dichloroethane 5 620
1.2-dichloroethene (total) 5 620
trans-1,2-dichloroethane 5 620
chloroform 5 620
1,2-dichloroethane 5 620
2-butanone 10 1200
1,1,1 -trichloroethane 5 620
carbon tetrachloride 5 620
bromodichloromethane 5 620
1,2-dichloropropane 5 620
cis-1,3-dichloropropene 5 620
trichloroethene 5 620
dibromochloromethane 5 620
1,1,2-trichloroethane 5 620
benzene 5 620
1,3-dichloropropene 5 620
trans-1,3-dichloropropene 5 620
2-chloroethylvinyl ether 5 620
bromoform 5 620
4-methyl-2-pentanone 10 1200
2-hexanone 10 1200
tetrachloroethene 5 620
toluene 5 620
1,1,2,2-tetrachloroethane 5 620
chlorobenzene 5 620
ethylbenzene 5 620
styrene 5 620
xylenes (total) 5 620

LLW expressed as ug/L
LLS expressed as ug/Kg
MLS expressed as ug/Kg
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TABLE 2

Internal Standard Assignments

Bromochloromethane: 1,4-Difluorobenzene:

1,2-dichloroethane-d4
chloromethane
vinyl chloride
bromomethane
chloroethane
1,1-dichloroethene
acetone
carbon disulfide
methylene chloride
trans-1,2-dichloroethene
1,1-dichloroethane
2-butanone
chloroform
acrolein
acrylonitriletrichlorofluoromethane
dichlorodifluoromethane
cis-1,2-dichloroethene

vinyl acetate
1,1,1 -trichloroethane
carbon tetrachloride
benzene
trichloroethene
1,2-dichloropropane
bromodichloromethane
2-chloroethylvinyl ether
cis-1,3-dichloropropene
trans-1,3-dichloropropene
1,1,2-trichloroethane
dibromochloromethane
bromoform

Chlorobenzene:

4-methyl-2-pentanone
toluene
tetrachloroethene
2-hexanone
chlorobenzene
ethylbenzene
xylenes
styrene
1,1,2,2-tetrachloroethane
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TABLE 3

GC/MS VOA Control Limits

DUALITY CONTROL TEST FILE
VOLATILE ORGANIC; • GC/MS

WATER
PM: 00; AM: 020U

COMPOUND

1,1,1-lrichloroethan*

1 , 1 , 2, 2- tetrachloroethane

1,1,2- trtcMorotfthane

1,1-didiloroethane

1f 1-dichloroethene

1,2-dichloroethane

1 , 2-di ch loropropane

2-butanoneWEK]

2-chloroethy(vinyl ether

2-hexanone

4-»ethy(-2-p«manonetMI8K]

acetone

benzene

brornod ich I orcmethane

bromonethane

carbon difutfide

carbon tetrachloride

chlorobenzene

ch(oro«thane

ch lore font)

chloromethane

cis-1,3-dichloropropene

COMBO

0850

OC01

OC03

OC04

OC05

OCU

OC16

OC29

OC31

OC32

OC3B

OC40

OC44

OC46

OC47

OC48

OC49

OCSO

0001

0002

0001

0005

PRECISION AS RPO .
W. CL X S OK

«12.3

i13.5

S11.6

19.06

ill. 3

i9.28

i10.1

S46.3

<10.9

117.8

i14.3

S30.9

i9.22

i9.SO

1H.4

SZ0.2

O2.1

SB. 92

ilS.5

</J.07

i15.3

i10.1

116.2

117.9

«15.4

111.5

114.9

£12.1

OJ.3

$62.6

SH.6

123.6

i19.2

40.7

i12.1

S12.5

118.5

S26.2

£15.8

i11.9

i19.9

ilO.S

119.8

£13.4

«.«A
«./i
4.2!
4.2!
4.18

3.6i

3.8^

13.6?

3.*i
6.231

4.5!

11.29

3.4^

3.4i

6.25"

8.li

4.6*

3.fli

6.7^

3.li

6.3^

3.7^

3.9i

4.3*

3.721

2.4l

3.58

2.8^

s.ii
16.]

3.7*

S.8J

4.9*

9.8^

2.90-

3.0J

4.07

6.0I1

3.7J

2.9*

4.3^

2.4^

4.SJ

3.2l

PERCENT RECOVERY OF LAB CONTROL STANDARDS .
Ul CL X S CPIT

79.9-111

75.0-114

83.4-115

81.4-118

67.4-129

75.8-119

77.1-115

57.8-129

53.9-124

60.3-119

62.8-125

S6.5-136

79.4-111

80.3-114

67.2-136

48.8-135

74.5-114

83.3-112

66.6-130

78.7-119

64.6-125

78.1-110

72.0-119

65.2-124

75.5-123

72.2-127

52.1-144

65.1-129

67.6-124

40.0-147

36.3-142

45.6-134

47.1-141

36.5-156

71.5-119

71.9-122

50.1-153

27.3-156

64.6-124

76.2-119

50.7-146

68.6-129

49.6-140

70.2-117

95.66

94.79

99.04

99.76

97.95

97.29

96.00

93.49

89. ll

89.78

94.11

96.32

95.07

97.00

101.57

91.67

94.47

97.48

98.35

98.86

94.76

93.83

7.88

9.87

7.84

9.18

15.2V

10.73

9.45

17.82

17.62'S

14.73

15.68

19.93

7.85

8.37

17.16

21.45

9.97

7.10

15.88

10.07

15.07

7.86

PERCENT RECOVERY Of MATRIX SPIKES
95X CI 99X Cl X S

79.6-116

82.4-113

84.7-114

85.0-116

59.3-131

83.3-118

86.2-114

-

51.9-133

-

-

80.4-122

91.2-108

76.2-124

-

70.4-115

78.2-126

69.6-122

69.3-130

61.1-140

84.2-110

70.5-126

74.7-121

77.3-122

77.2-124

41.5-149

74.6-127

79.3-121

-

31.6-153

-

-

-

70.0-133

87.0-112

64.2-136

-

59.4-126

66.4-138

56.4-136

54.2-145

41.3-160

77.8-116

98.01

97.70

99.56

100.71

95.04

100.62

99.93

-

92.43

-

-

-

101.28

99.71

100.01

92.48

101.95

95.98

99.53

100.55

96.94

9.18

7.67

7.43

7.83

17.86

8.68

6.87

-

20.26

-

-

10.42

4.25

11.93

11.02

11.85

13.21

15.12

19.74

6.39
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TABLE 3
GC/MS VOA Control Limits (cont'd)
Page Two

QUALITY CONTROL TEST fllE
VOLATILE ORGAN ICS - GC/MS

UAIEB
PM: 00; AH: 020U

COMPOUND

dibromochtoromethanc

ftgWyTeWcWSrideJ

ethylbenzene

methyl bent ene [toluene]

styrene

tetrachloroethene

trans- 1,2-dichloroethene

trans-1,3-dichloropropene

t r \ browomethane (bromof orm)

trichloroethene

vinyl acetate

vinyl chloride

xylenes, total

1,2-dichloroethane-d4 <S>

4-bromof luorobcmene (S)

toluene-oB (S)

COMBO

0008

0011

0018

0032

0040

0041

0044

0046

0047

OE01

OE02

OE03

OC15

OC37

0042

PRECISION AS RPO .
UL Cl X S CMC

ilO.S

<16.2

<8.37

<11.5

<11.7

s.10.8

i9.90

<7.63

112.6

<9.83

113.5

119.6

110.8

NA

NA

NA

i13.9

S21.4

ill.O

115.5

i15.7

S14.3

i12.9

^9.90

116.7

U3.1

117.7

SK.Z

114.2

NA

NA

NA

3.84

5.6V

3.1o

3.59

3.81-

3.8^

3.8y

S.l4

4.4o

3.25

5.02-

8.5^

3.7o

NA

NA

NA

3.3*

5.25-

2.6i

3.96

3.9*

3.5*

3.fll

2.27

4.08-

3.29

*.zi
5.5i

3.4v

NA

NA

NA

NA

NA

NA

PERCENT RECOVERY Of LAB CONTROL STANDARDS ,
ui ci x s CM:

82.1-115

79.2-117

83.1-110

79.4-112

83.9-110

64.2-123

77.9-110

81.0-110

76.0-115

60.3-125

69.7-125

82.5-112

83.0-114

91 .6-108

91.2-113

73.9-123

69.8-127

76.4-116

71.2-121

77.5-116

49.5-138

69.7-119

73.9-117

66.2-125

44.1-142

55.8-139

75.2-119

75.2-122

87.4-112

85.8-118

98.41

98.18

96.42

95.94

96.76

93.65

98.2V1

94.18

95.38

95.69

92.84

97.56

97.17

98.68

99.9J

101 .89

8.16

9.47

6.67

8.25

6.43

14.71

8.46 3

8.16

7.17

9.83

16.26

13.91

7.33

7.83

4.18

$.37

PERCENT RECOVERY OF MATRIX SPIKES
95X Cl 99X Cl X S

81.1-117

83.4-127

75.7-117

76.6-118

-

44.7-136

-

76.1-110

75.8-111

70.9-127

-

34.5-140

-

NA

NA

NA

7H. 1-126

72.6-137

65.4-127

66.2-128

21.8-159

-

67.5-119

67.1-120

56.9-141

-

8.16-166

-

NA

NA

NA

99.20

104.98

96.34

97.27

-

90.50

-

93.22

93.35

98.74

-

87.18

-

NA

NA

NA

9.03

10.80

10.31

10.36

^

22.91

-

8.58

8.76

13.94

-

26.34

-

NA

NA

NA
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TABLE 3
GC/MS VOA Control Limits (cont'd)
Page Three

aUALtlr CONTROL TEST FILE
VOLATILE ORGAN ICS - GC/MS

SOIL
PM: 00; AH: O20SLL

COMPOUND

1.1,1-trichloroethane

1.1.2,2-tetrachloro«th»ne

1, 1.2-tHchloro«thane

1 , 1 - di ch I oroethane

1, 1-dichtoroethene

1,2-dich (oroethane

1 ,2-di cti toropropane

2-butanone[MEIC]

2-chloroethylvlnyl ether

2-hexanone

4-Mthyl-2-pentanone[HIBIQ

acetone

benzene

bromodichloromethane

bromamethane

carbon disulfide

carbon tetrachlorlde

chlorobenzene

chloroethane

chloroform

chloromethane

eis-1,3-dichloropropene

COMBO

OA02

OA03

0AM

OAOS

OA06

OA12

OA15

OA23

OA25

OA26

OA31

OA32

OA36

OA3S

OA39

OA40

OA41

0*42

OA43

OA44

OA45

OA47

PRECISION AS RPD .
Wl CL X S CPIC

-

-

-

130.5

-

-

-

-

-

-

<18.3

-

-

-

<17.1

-

-

-

sto. 0

£40.6

«4o.6
40.6
40.8

40.6
40.6

40.6
40.6

40.6

40.6

40.6

S24.4

40.6

40.6

40.6

40.6

222.6

40.6

40.6

40.6

40.6

-

-

-

10.06

-

-

-

-

-

-

6.32

-

-

-

6.02

-

-

-

-.

-

-

-

10.24

-

-

-

-

-

-

-

6.01

-

-

•

5.54

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

•

-

-

-

-

-

-

-

-

-

PERCENT RECOVERY OF LAB CONTROL STANDARDS ,
UL Cl X S CPr

83.71-127

84.7-116

85.6-118

81.5-131

68.7-138

85.3-133

85.7-122

17.5-164

-11.0-175

15.5-154

47.2-139

24.8-126

65.8-120

89.0-122

76.9-134

50.6-168

82.8-125

89.0-113

73.2-137

85.5-131

61.0-155

40.3-168

73.0-137

76.9-124

77.5-126

69.0-144

51.2-156

73.5-145

76.6-131

-19.1-201

-57.6-222

-19.2-189

24.2-162

-0.7-152

77.2-129

80.8-131

62. 6- 148

21.3-197

72.3-135

83.0-119

57.4-153

74.2-142

37.6-178

8.30-200

105.15

100.26*

101 .°£

106.4$

103.62

109.0?

103.69*

90.89

82. OJ

64.8*

93.0?

75. 58*

103.01

105.63*

105.37"

109.lt

103.64*

100.81

105.00*

108.05"

107.93

104.3J

10.72

7.79"

8.151*

12.47*

17.46

11.86*

9.12*

36.6SU

46.52 3

34.69 *•

22.95--

25.41s*

6.61

8.29 <•

14.26*1

29.28'

lO-SO*1

5.93

15. 886

11.276

23.46 J

J2.03 J

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

PERCENT RECOVERY OF MATRIX SPIKES
95X Cl 97X Cl X S

-

-

46.6-141

-

-

-

-

-

-

-

45.3-150

-

-

-

42.3-133

-

-

-

-

23.0-164

-

-

-

-

-

19.2-176

-

-

19.6-155

-

-

93.75

-

-

-

-

-

-

-

97.64

-

•

•

-

87.54

-

-

-

-

23.57

-

-

-

-

-

-

36.16

-

-

22.63

-

-
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TABLE 3
GC/MS VOA Control Limits (cont'd)
Page Four

QUALIir CONTROL TEST FILE
VOLATILE ORGANIC; - GC/MS

SOIL
PM: 00; AN: O20SLL

COMPOUND

dibronochloromethane

fl̂ Wcm-id.]

ethylbeniene

methyl benzene! toluene]

styrene

tetrachtoroethene

trans-1,2-dichloroethene

tr*ns-1,3-dtchloropropene

tr Ibromonethine (bronof onsj

trichtoroethene

vinyl acetate

vinyl chloride

xylenes, total

1.2-dichloroethane-d4 <S)

4-broftofluorobenzene (S)

toluene-oB <S)

COMBO

OASO

0803

0608

0821

0834

0836

0839

0840

0842

0843

0846

0847

0848

OA13

OA30

0838

PRECISION AS RPO .
Ul CL X S CPK

i19.6

-

-

-

-

-

<17.1

-

-

-

NA

NA

HA

S40.6

<40.6

£40.6

126.0

i40.fl

140.6

<40.6

S40.6

S40.6

S22.5

£40.6

<40.6

£40.6

NA

NA

NA

-

-

-

6.90

-

-

-

-

6.26

•

-

NA

NA

NA

-

-

-

6.37

-

-

-

-

-

S.42

-

-

-

NA

NA

NA

•

-

-

-

-

-

-

-

•

-

-

-

NA

NA

NA

PERCENT RECOVERY OF LAB CONTROL STANDARDS ,
Ml CL X S CMC

82.0-127

68.8-131

86.2-112

85.5-114

84.9-113

69.2-133

71 .6- ISO

80.4-118

83.1-119

85.0-116

48.1-129

60.1-141

86.3-115

75. 7-115

78.2-117

84.4-117

70.6-139

53.3-147

79.8-118

78.3-122

77.9-120

53.9-149

52.4-170

71.1-127

74.0-129

77.2-124

27.7-150

39.8-162

79.3-122

66.0-124

68.6-126

76.3-125

104.}

99.9?

99. if

99.93

98.84*

101 .3?

110.8

98.95*

101.26

100.62

88.72*

100.74*

100.42*

95.15

97.48

100.62

11.36*

1S.56fc

6.43«-

7.20

6.97"

15.82^

19.593

9.2rf-

9.10'

7.82

20.334

20.31fc

7.05"

9.71

9.62

8.12

-

-

-

-

-

-

-

-

-

-

-

-

-

-

PERCENT RECOVERY OF MATRIX SPIKES
95X Cl 99X Cl X S

-

-

38.5-145

-

-

-

-

-

46.5-127

-

-

NA

NA

NA

-

-

11.9-171

-

-

-

26.4-147

NA

NA

NA

-

•

-

91.71

-

-

-

-

•

86.78

-

-

-

NA

NA

NA

-

-

S9

-

-

-

•

20.12

-

NA

NA

NA
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FIGURE 1
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FIGURE 2
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BASE-NEUTRAL/ACID EXTRACTABLE ORGANICS ANALYSIS
BY GAS CHROMATOGRAPHY/MASS SPECTROMETRY

1.0 SCOPE AND APPLICATION

This method covers the determination of priority pollutant and US EPA CLP
target compound list (TCL) semivolatile organics (base/neutral and acid
extractables) in water and sediment/soil. Reporting limits for TCL and priority
pollutant analyses are listed on Table 1; reporting limits for residential well
analyses are listed in Table 2.

2.0 SUMMARY OF METHOD

Water samples are prepared for analysis by liquid-liquid solvent extraction at
pH > 11 and pH < 2. Procedures for continuous and separatory funnel
extractions are provided. Soil/sediment samples are prepared for analysis by
sonication. A low level extraction using 30 grams of sample is used routinely.
However, for samples containing more than 20 mg/kg semivolatile and
nonvolatile organics, a medium level extraction procedure using 1 gram of
sample is used.

Semivolatile compounds in the extract are transferred from the liquid phase to
the vapor phase by injecting a portion of the combined BNA extract into a
heated capillary GC column injection port in the "splitless" mode. The
semivolatile compounds are swept onto a fused silica capillary gas
chromatographic column by the inert carrier gas (He). The gas chromatograph
is temperature-programmed to separate the semivolatile compounds, which are
then detected with a mass spectrometer operating in the electron ionization
(El) mode.

Approvals:

Technical Operations Date1 ^ Quality ^As^ur^nce Date
Manager
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3.0 EXTRACTION PROCEDURES

3.1 SAMPLE PRESERVATION

3.1.1 Water Samples

Water samples are stored at 1 - 5 degrees C. Extraction must be
completed within 7 days of sampling.

3.1.2 Soil/Sediment Samples

Soil/sediment samples are stored at 1 - 5 degrees C. Extraction must
be completed within 14 days of sampling.

3.2 CONTINUOUS LIQUID-LIQUID EXTRACTION OF AQUEOUS SAMPLES

3.2.1 Set up the extraction equipment in an operating fume hood.

3.2.2 Close the extractor body stopcock.

3.2.3 Add approximately 300 mL of methylene chloride measured in a 500-
mL graduated cylinder to the extractor body. Add approximately 300
mL of methylene chloride and several boiling chips to a 1000-mL round-
bottom flask.

3.2.4 Shake the sample container to mix the contents thoroughly. Measure
1 liter of sample in a glass 1-liter graduated cylinder.

3.2.5 Check the pH of the sample with wide-range pH paper as follows:

3.2.5.1 Stir the sample with a glass rod to thoroughly mix the contents.

3.2.5.2 Quickly touch the end of the glass rod to a strip of wide-range
pH paper. Check the colorimetric result to determine the pH of
the sample.

3.2.5.3 Adjust the pH > 11 as follows:

• Make pH adjustments with 10N NaOH to raise the pH. Add
a small amount (approx. 1 mL) of the or NaOH using a
Pasteur pipet.

• Stir the contents to mix thoroughly and recheck the pH.

• Repeat the addition of NaOH as necessary to adjust the
sample to the desired pH.
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3.2.6 Transfer the 1 liter sample to the extractor body.

3.2.7 Use a glass volumetric pipet to spike the samples as follows. See Table
3 for spiking compounds/concentrations/volumes and Section 6.0 for
quality control frequency and corrective action requirements.

• Pipet the indicated volume of the surrogate standard spiking
solution into each sample in the extractor and mix well.

• Prepare a lab control standard (LCS) by spiking the indicated
volume of the LCS/matrix spiking solution into 1 liter of reagent
water with each batch of samples extracted.

• For samples selected for matrix spiking, add the indicated
volume of the matrix spiking standard and mix well.

3.2.8 Assemble the extraction equipment as follows:

3.2.8.1 Insert the condenser into the top of the extractor body.

3.2.8.2 Maintain the extractor body in an upright position using a large
clamp attached to a ring stand or similar support.

3.2.8.3 Attach the round-bottom flask to the side-arm of the extractor
body.

3.2.8.4 Place the round-bottom flask in a heating mantle.

3.2.8.5 Use Teflon tape to seal all the joints.

3.2.9 Extract the sample as follows:

3.2.9.1 Open the extractor body stopcock.

3.2.9.2 Turn on the water supply to the condenser.

The water pressure should be sufficient to cycle the water in
the condenser, but should not force off any tubing connections
from the water supply to the condenser.

3.2.9.3 Turn on the heating mantle and adjust the temperature setting
to "7".

3.2.9.4 Extract the sample for 18-24 hours.

3.2.9.5 Check the extractor body/condenser periodically during the
extraction process for the following:
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• A drip rate of approximately 1-2 drops/second from the
bottom of the condenser into the extractor body.

• Approximately 1 /4 to 1 /3 of the bottom of the condenser
should be wet from the extract if the distillation is
proceeding at the proper temperature.

Adjust the heating mantle temperature setting as necessary to
achieve these conditions.

3.2.10 Turn off the power to the heating mantle when the extraction
is complete. Allow the flask to cool for approximately 1.5 hours
before removing it from the extractor body.

3.2.11 Save the base/neutral extract for combining with the acid
extract prior to concentration. Store the base/neutral extract
in the dark (to prevent photodegradation) in a tightly stoppered
container at room temperature during the acid extraction
procedure.

3.2.12 Adjust the pH of the aqueous phase to <2 with sulfuric acid
(1:1) as follows. Do not overacidify.

3.2.12.1 Add a small amount (approx. 1 ml) of H2SO4 (1:1) to
the extractor body using a Pasteur pipet. Stir the
contents to mix thoroughly.

3.2.12.2 Quickly dip the end of a clean glass rod into the
contents and touch it to a strip of wide-range pH
paper. Check the colorimetric result to determine the
pH of the sample.

3.2.12.3 Repeat the addition of H2SO4 and recheck the pH as
necessary to adjust the pH to <2.

3.2.13 Attach a clean round-bottom flask containing approximately 500
mL of methylene chloride to the extractor body. Use Teflon
tape to seal the joint. Extract as described before in steps 3.2.9
and 3.2.10.

3.2.14 Combine the acid and base/neutral extracts by pouring the
base/neutral extract into the flask containing the acid extract.
Rinse the base/neutral extract flask with 20-30 mL of methylene
chloride to complete the transfer.
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3.2.15 Prepare a drying column containing anhydrous sodium sulfate.
See Section 9.1.2 for instructions on column preparation. Set
up the drying column using a clamp attached to a ring stand.

Connect a 500-mL Kurderna-Danish (K-D) evaporation flask to
a 10-mL concentrator tube. Place the K-D apparatus beneath the
column to collect the extract.

3.2.16 Close the extractor body stopcock. Remove the flask containing
the solvent extract and carefully pour the extract through the
column. Collect the dried extract in the K-D apparatus. If the
sodium sulfate hardens at any point during the drying process:

3.2.16.1 Break up the hardened mass, if possible, with a pipet and
add 20-30 mL of elution solvent to the column to rinse it.

3.2.16.2 Start a new drying column, if necessary, to pass through
any remaining solvent extract.

3.2.16.3 Repeat these steps as necessary until all the solvent
fractions have been passed through drying columns into the
collection device.

3.2.17 Concentrate the extract as follows:

3.2.17.1 Add several clean boiling chips to the flask and attach
a three-ball macro Snyder column. Prewet the Snyder
column by adding about 1 mL of solvent to the top of
the column with a Pasteur pipet.

3.2.17.2 Place the K-D apparatus on a hot water bath (80-90°C
or "HIGH" setting) so that the concentrator tube is
partially immersed in the hot water and the entire lower
rounded surface of the flask is bathed with hot vapor.

3.2.17.3 Adjust the vertical position of the equipment and the
water temperature as required to complete the
concentration in 10-20 min.

At the proper rate of distillation, the balls of the
column will actively chatter, but the chambers will not
flood.

3.2.17.4Check the remaining volume periodically. Allow the
extract to concentrate until the volume reaches the 1
mL mark on the concentrator tube.
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Do not allow the concentrator tube to become dry. If
this occurs, repeat the extraction.

3.2.17.5 Remove the equipment from the water bath and allow
it to drain until the tube feels cooled to room
temperature by touch (approx. 10 minutes).

3.2.18 Remove the Snyder column and rinse the flask and its lower
joints into the concentrator tube with 1-2 ml of 1:1 (v:v)
methylene chloride:acetone.

3.2.19 Proceed to Section 3.5 for instructions on final concentration
of the extract.

3.3 SEPARATORY FUNNEL LIQUID-LIQUID EXTRACTION OF AQUEOUS SAMPLES

3.3.1 Set up the extraction equipment in an operating fume hood. Put the
separatory funnel, with the Teflon stopcock closed, into a large metal
ring attached to a ring stand.

3.3.2 Shake the sample container to mix the contents thoroughly. Measure
1 liter of sample in a glass graduated cylinder and transfer it quickly to
the separatory funnel. Stopper the funnel.

3.3.3 Check the pH of the sample with wide-range pH paper as follows:

3.3.3.1 Invert the funnel, open the stopcock and swirl to mix the
contents. Close the stopcock, replace the funnel in the ring
stand and remove the stopper.

3.3.3.2 Quickly dip the end of a clean glass rod into the funnel contents
and touch it to a strip of wide-range pH paper. Check the
colorimetric result to determine the pH of the sample.

3.3.3.3 Adjust the pH to > 11 as follows:

• Adjust the pH using 10N NaOH to raise the pH. Add a
small amount (approx. 1 mL) of the NaOH using a Pasteur
pipet.

• Stopper the funnel, swirl the contents to mix thoroughly
and recheck the pH.

• Repeat the addition of NaOH as necessary to adjust the
sample to the desired pH.
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3.3.4 Use a glass volumetric pipet to spike the samples as follows. See Table
3 for spiking compounds/concentrations/volumes and Section 6.0 for
quality control frequency and corrective action requirements.

• Pipet the indicated volume of the surrogate standard spiking
solution into each sample in the funnel and mix well.

• Prepare a lab control standard (LCS) by spiking the indicated
volume of the LCS/matrix spiking solution into 1 liter of reagent
water with each batch of samples extracted.

• For samples selected for matrix spiking add the indicated volume
of the matrix spiking standard and mix well.

3.3.5 Add approximately 60 mL of methylene chloride measured in a 100-
ml_ graduated cylinder to the separatory funnel.

3.3.6 Seal the separatory funnel. Invert once and vent the funnel into the
hood by opening the stopcock. While the stopcock is still open, swirl
the contents of the flask to mix well.

Note: Methylene chloride creates excessive pressure very rapidly;
therefore, initial venting should be done immediately after the
separatory funnel has been sealed and inverted once.

Close the stopcock. Shake the inverted funnel vigorously for 1-2 min.
with periodic venting through the stopcock to release excess pressure.

3.3.7 Replace the funnel in the ring stand. Allow the organic layer to separate
from the water phase for a minimum of 10 minutes.

If the emulsion interface between layers is more than one-third the size
of the solvent layer, use mechanical techniques to complete the phase
separation. The best technique depends upon the sample and may
include stirring, filtration of the emulsion through glass wool,
centrifugation, or other physical methods. Consult with the Group
Leader, if required, to determine the best method for optimum
separation. Document such measures in the extraction log.

3.3.8 Prepare a drying column containing anhydrous sodium sulfate. See
Section 9.1.2 for instructions on column preparation. Set up the drying
column near the separatory funnel using a clamp attached to the ring
stand.

Place the initial base/neutral extract in a 250-mL Erienmyer flask and the
acid extract directly into a K-D apparatus.
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3.3.9 Hold the separatory funnel over the drying column and open the
stopcock to remove the solvent fraction. Dry the extract by passing it
through the drying column. Collect the dried extract in a 250-mL
Erlynmeyer flask. If the sodium sulfate hardens at any point during the
drying process:

3.3.9.1 Break up the hardened mass, if possible, with a pipet and add
20-30 mL of elution solvent to the column to rinse it.

3.3.9.2 Start a new drying column, if necessary, to pass through any
remaining solvent extract.

3.3.9.3 Repeat these steps as necessary until all the solvent fractions
have been passed through drying columns into the collection
device.

3.3.10 Repeat the solvent extraction two more times using fresh
portions of solvent (steps 3.3.5 through 3.3.9). Collect the
three solvent extracts in the same collection device.

Add 20-30 mL of methylene chloride to the column to complete
the quantitative transfer.

3.3.11 Save the base/neutral extract for combining with the acid
extract prior to concentration. Store the base/neutral extract
in a covered container (e.g., a foil covering over the flask
opening) at room temperature during the acid extraction
procedure.

3.3.12 Adjust the pH of the aqueous phase to <2 with sulfuric acid
as follows. Do not overacidify.

3.3.12.1 Add a small amount (approx. 1 mL) of H2SO4 (1:1) to
the funnel using a Pasteur pipet. Stopper the funnel
and swirl the contents to mix thoroughly.

3.3.12.2 Quickly dip the end of a clean glass rod into the funnel
contents and touch it to a strip of wide-range pH
paper. Check the colorimetric result to determine the
pH of the sample.

3.3.12.3 Repeat the addition of H2S04 and recheck the pH as
necessary to adjust the pH to <2.

3.3.13 Add approximately 60 mL of methylene chloride to the
separatory funnel. Extract and dry as described before in steps
3.3.5 to 3.3.10.
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3.3.14 Combine the acid and base/neutral extracts by pouring the
base/neutral extract into the K-D apparatus containing the acid
extract. Rinse the base/neutral extract flask with 20-30 ml of
methylene chloride to complete the transfer.

3.3.15 Concentrate the extract as follows:

3.3.15.1 Add several clean boiling chips to the flask and attach
a three-ball macro Snyder column. Prewet the Snyder
column by adding about 1 ml_ of solvent to the top of
the column with a Pasteur pipet.

3.3.15.2 Place the K-D apparatus on a hot water bath (80-90°C
or "HIGH" setting) so that the concentrator tube is
partially immersed in the hot water and the entire lower
rounded surface of the flask is bathed with hot vapor.

3.3.15.3 Adjust the vertical position of the equipment and the
water temperature as required to complete the
concentration in 10-20 min.

At the proper rate of distillation, the balls of the
column will actively chatter, but the chambers will not
flood.

3.3.15.4Check the remaining volume periodically. Allow the
extract to concentrate until the volume reaches the 1
mL mark on the concentrator tube.

Do not allow the concentrator tube to become dry. If
this occurs, repeat the extraction.

3.3.15.5 Remove the equipment from the water bath and allow
it to drain until the tube feels cooled to room
temperature by touch (approx. 10 minutes).

3.3.16 Remove the Snyder column and rinse the flask and its lower
joints into the concentrator tube with 1-2 ml of 1:1 (v:v)
methylene chloride:acetone.

3.3.17 Proceed to Section 3.5 for instructions on final concentration
of the extract.

3.4 SONICATION EXTRACTION OF IN SOIL/SEDIMENT

3.4.1 Sample Preparation
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Decant and discard any water layer. Discard foreign objects such as
sticks, vegetation, and rocks. Mix the sample thoroughly, especially
composited samples.

3.4.2 Low Level Soil Extraction and Initial Concentration

3.4.2.1 Tune the sonicator as described in Table 4 to check its
operation.

3.4.2.2 Aliquot the samples as follows. Perform these steps rapidly to
avoid loss of the more volatile extractables:

a. Place a 400-mL glass beaker on the weighing pan of a
balance and tare the balance.

b. Mix the sample thoroughly with a spatula and transfer
approximately 30 grams of sample to the beaker. Record
the weight to the nearest 0.01 gram.

c. Mix nonporous or wet samples (i.e., gummy or clay type
samples) that do not have a free-flowing and/or sandy
texture with anhydrous sodium sulfate to dry them as
follows:

• Tare the balance holding the sample beaker.

• Add approximately 30 grams of anhydrous sodium
sulfate to the beaker. Record the weight to the nearest
0.01 gram.

• Mix thoroughly using a spatula. Check if the texture
appears free-flowing and/or sandy.

• Add additional anhydrous sodium sulfate in 30 gram
increments (approx.) as necessary until the sample
consistency is free-flowing and/or sandy.

• Record the total amount of sodium sulfate to the
nearest 0.01 gram.

3.4.2.3 Use a glass volumetric pipet to spike the samples as follows.
See Table 3 for spiking compounds/concentrations/volumes and
Section 6.0 for quality control frequency and corrective action
requirements.
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• Pipet the indicated volume of surrogate standard spiking
solution onto each sample in the beaker.

• Prepare a lab control standard (LCS) by spiking the
indicated volume of the LCS/matrix spiking solution onto
30 grams of clean sand with each batch of samples
extracted.

• For samples selected for matrix spiking add the indicated
volume of the matrix spiking standard.

3.4.2.4 Immediately add approximately 100 mL of 1:1 (v:v) methylene
chloride:acetone measured in a glass graduated cylinder.

3.4.2.5 Sonicate the sample as follows:

a. Attach the %-inch disrupter horn (No. 207) to a heavy-
duty ring stand using a large vinyl-coated clamp. See
Section 9.1.17 for additional information on the equipment.

b. Place the tip of the disrupter horn about %-inch below the
surface of the solvent but above the sediment layer.

c. Sonicate for 3 minutes with the output control knob set at
8 to 10, the mode switch on "Pulse" and the percent-
duty cycle knob set at 20%.

• The solvent layer should be "churning" but not
overflowing the sides of the beaker.

• Do not touch the tip of the disrupter horn to the sides
or bottom of the beaker because damage to the horn
or beaker may occur.

3.4.2.6 Decant the extract through Whatman No. 41 filter paper lining
a glass funnel. Collect the extract into a Kuderna-Danish (K-
D) 10-mL concentrator tube attached beneath a 500-mL
evaporation flask.

3.4.2.7 Repeat the sonication two more times with additional 100 ml
portions of solvent. Decant and filter the solvent phase after
each sonication.

On the final filtration, transfer the entire sample into the funnel.
Rinse the beaker with approximately 20-30 mL of solvent to
complete the quantitative transfer.
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3.4.2.8 Concentrate the extract as follows:

a. Add several clean boiling chips to the flask and attach a
three-ball macro Snyder column. Prewetthe Snydercolumn
by adding about 1 mL of solvent to the top of the column
with a Pasteur pipet.

b. Place the K-D apparatus on a hot water bath (80-90°C or
"HIGH" setting) so that the concentrator tube is partially
immersed in the hot water and the entire lower rounded
surface of the flask is bathed with hot vapor.

c. Adjust the vertical position of the equipment and the water
temperature as required to complete the concentration in
10-20 min.

At the proper rate of distillation, the balls of the column will
actively chatter, but the chambers will not flood.

d. Check the remaining volume periodically. Allow the extract
to concentrate until the volume reaches the 1 mL mark on
the concentrator tube.

Do not allow the concentrator tube to become dry. If this
occurs, repeat the extraction.

e. Remove the equipment from the water bath and allow it to
drain until the tube feels cooled to room temperature by
touch (approx. 10 minutes).

3.4.2.9 Remove the Snyder column and rinse the flask and its lower
joints into the concentrator tube with 1-2 mL of. 1:1 (v:v)
methylene chloride:acetone.

3.4.210 Proceed to Section 3.5 for instructions on final
concentration of the extract.

3.4.3 Medium Level Soil Extraction and Initial Concentration

3.4.3.1 Tune the sonicator as described in Table 4 to check its
operation.

3.4.3.2 Aliquot the samples as follows. Perform these steps rapidly to
avoid loss of the more volatile extractables:

a. Place a 10-mL glass scintillation vial on the weighing pan
of a balance and tare the balance.
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b. Mix the sample thoroughly with a spatula and transfer
approximately 1 gram of sample to the vial. Wipe the
mouth of the vial with a tissue to remove any sample
material. Record the weight to the nearest 0.01 gram.

c. Mix nonporous or wet samples {i.e., gummy or clay type
samples) that do not have a free-flowing and/or sandy
texture with anhydrous sodium sulfate to dry them as
follows:

• Tare the balance holding the sample vial.

• Add approximately 1 gram of anhydrous sodium sulfate
to the vial. Record the weight to the nearest 0.01
gram.

• Mix thoroughly using a spatula. Check if the texture
appears free-flowing and/or sandy.

• Add additional anhydrous sodium sulfate in 1 gram
increments (approx.) as necessary until the sample
consistency is free-flowing and/or sandy.

• Record the total amount of sodium sulfate to the
nearest 0.01 gram.

3.4.3.3 Use a glass volumetric pipet to spike the samples as follows.
See Table 3 for spiking compounds/concentrations/volumes and
Section 6.0 for quality control frequency and corrective action
requirements.

• Pipet the indicated volume of surrogate standard spiking
solution onto each sample in the vial.

• Prepare a lab control standard (LCS) by spiking the
indicated volume of LCS/matrix spiking solution onto 1
gram of clean sand with each batch of samples extracted.

• For samples selected for matrix spiking add the indicated
volume of matrix spiking standard.

3.4.3.4 Immediately add enough 1:1 (v:v) methylene chloride:acetone
to bring the final volume to 10.0 ml_ including the surrogate
and/or matrix spike volumes.

3.4.3.5 Sonicate the sample as follows:
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a. Attach the 1/8-inch microtip ultrasonic probe (No. 419) to
a heavy-duty ring stand using a large vinyl-coated clamp.
See Section 9.1.17 for additional information on the
equipment.

b. Place the tip of the probe below the surface of the solvent
but above the sediment layer.

c. Sonicate for approximately 3 minutes with the output
control knob set at 4 to 5, the mode switch on "Pulse" and
the percent-duty cycle knob set at 20%.

• The solvent layer should be "churning" but not
overflowing the sides of the vial.

• Do not touch the tip of the probe to the sides or
bottom of the vial because damage to the horn or vial
may occur.

3.4.3.6 Filter the extract as follows:

a. Loosely pack a Pasteur pipet with a small plug of clean
glass wool. See Section 9.1.2 for detailed instructions
on pipet preparation.

b. Using a small clamp attached to a ring stand, support the
filtering pipet in an upright position over a Kuderna-Danish
(K-D) 10-mL concentrator tube.

c. Use a separate pipet to transfer the extract from the vial
to the filtration apparatus.

d. Collect the extract to the 5 ml_ mark of the concentrator
tube by gravity filtration through the glass wool.

3.4.3.7 Concentrate the extract as follows:

a. Add several clean boiling chips to the flask and attach a
three-ball macro Snyder column. Pre wet the Snyder column
by adding about 1 ml of solvent to the top of the column
with a Pasteur pipet.

b. Place the K-D apparatus on a hot water bath {80-90°C or
"HIGH" setting) so that the concentrator tube is partially
immersed in the hot water and the entire lower rounded
surface of the flask is bathed with hot vapor.
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c. Adjust the vertical position of the equipment and the water
temperature as required to complete the concentration in
10-20 min.

At the proper rate of distillation, the balls of the column will
actively chatter, but the chambers will not flood.

d. Check the remaining volume periodically. Allow the extract
to concentrate until the volume reaches the 1 ml_ mark on
the concentrator tube.

Do not allow the concentrator tube to become dry. If this
occurs, repeat the extraction.

e. Remove the equipment from the water bath and allow it to
drain until the tube feels cooled to room temperature by
touch (approx. 10 minutes).

3.4.3.8 Remove the Snyder column and rinse the flask and its lower
joints into the concentrator tube with 1-2 ml of 1:1 (v:v)
methylene chloride:acetone.

3.4.3.9 Proceed to Section 3.5 for instructions on final concentration
of the extract.

3.5 FINAL EXTRACT CONCENTRATION

Note: Final concentration of the extract is completed by the micro Snyder
technique described below (step 3.6.1) or the nitrogen blowdown
technique (step 3.6.2).

3.5.1 Concentrate the extract as follows:

3.5.1.1 Add one or two clean boiling chips to the concentrator tube
and attach a two-ball micro Snyder column. Prewet the column
by adding 0.5 ml_ of solvent to the top of the column.

3.5.1.2 Place the K-D apparatus in a hot water bath so that the
concentrator tube is partially immersed in the hot water. Swirl
the tube in the water if necessary to begin the distillation
process.

3.5.1.3 Adjust the vertical position of the apparatus and the water
temperature as required to complete the concentration in 5-10
min.
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At the proper rate of distillation, the balls of the column will
actively chatter, but the chambers will not flood.

3.5.1.4 When the apparent volume of liquid reaches approximately 0.5
mL, remove the K-D apparatus from the water bath. Allow it
to drain until the tube feels cooled to room temperature by
touch (approx. 10 minutes).

Do not allow the concentrator tube to become dry. If this
occurs, repeat the extraction.

3.5.1.5 Remove the Snyder column. Adjust the final volume to 1.0 mL
with methylene chloride.

3.5.2 An alternate procedure to step 3.5.1 is the nitrogen blowdown
technique as described below:

3.5.2.1 Place the concentrator tube in the heating block set at 30-
35°C. Evaporate the solvent to 0.5-0.8 mL using a gentle
stream of clean, dry nitrogen gas dispensed through a Luer-
Lock blunt tip needle.

Do not allow the extract to become dry. If this occurs, repeat
the extraction.

Use a clean, dry Luer-Lock blunt tip needle for each sample.

3.5.2.2 Adjust the final volume to 1.0 mL with methylene chloride.

3.5.3 Transfer the extract to a Teflon-sealed, screw-cap vial labeled with the
sample number, fraction, and extraction date.

4.0 GC/MS ANALYSIS

4.1 EXTRACT PRESERVATION

Store extracts at 1 - 5 degrees C. Complete analysis within 40 days of
extraction.

4.2 PREPARATION OF STANDARDS

Stock standards are purchased commercially in sealed ampoules. Depending
on the concentration of the purchased solution, intermediate or working
standards are prepared in methylene chloride. Aliquots of stock solutions are
combined as necessary to prepare intermediate or working standards that
contain the analytes of interest. Prepare standard solutions as foJIows.
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4.2.1 Check the expiration date on any stock or intermediate standard to be
diluted. Discard material exceeding the expiration date according to
waste management procedures.

4.2.2 Determine the appropriate volume of standard material to add to the
flask to obtain the desired final concentration as follows:

V = (DC/SO x FV

where V = volume of standard material to be added
DC = desired concentration
SC = standard material concentration
FV = final volume

4.2.3 Fill a volumetric flask just to the neck with dilution solvent.

4.2.4 Using a syringe, quickly transfer the appropriate amount of standard
to the flask to obtain the desired concentration in fjgfmL. Use a syringe
to add the liquid material directly to the solvent without contacting the
neck of the flask. Immerse the needle tip below the surface of the
solvent before expelling the solution to reduce evaporation of the
standard material.

i

4.2.5 Add dilution solvent until the bottom of the meniscus reaches the
volume mark of the flask using a disposable pipet. Place the tip of the
pipet close to the volume mark without immersing it in the dilution
solvent. Avoid wetting the neck of the flask above the volume mark.

4.2.6 Stopper the flask and invert three times to mix thoroughly.

4.2.7 Transfer aliquots of intermediate standard solutions to 2-mL vials
without headspace using a Pasteur pipet. Label bottles or vials
containing standard solutions with the following information:

• Solution name and concentration - use sufficient detail in the
description to identify it from other solutions.

• Identification number.

• Date prepared and preparer.

• Expiration date.

4.2.8 Store volatile and semivolatile standard solutions in separate refrigerated
storage areas to prevent cross-contamination of standard materials
and/or solvents.
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Store standard solutions in Teflon-sealed containers at <_ 4° C. Use
amber glass vials to protect semivolatile standard solutions from
photodegradation.

Mark the meniscus level on any container where headspace in the vial
is apparent.

4.2.9 Visually check standard stock solutions prior to use for evidence of
degradation or evaporation. Replace the solutions every six months, or
sooner if degradation or evaporation occurs or if comparison with quality
control check samples indicate a problem.

4.3 INSTRUMENT SET-UP AND TUNING

4.3.1 Set the GC/MS operating conditions as follows:

Parameter ___Operating Condition___

Column Type 30 m x 0.32 mm ID bonded phase
silicone coated fused silica
capillary column with DB-5, or
equivalent

Flow Rate/Gas 60 cm/sec/Helium

Column Temperature Isothermal at 40°C for 1 minute,
increase to 300°C at 10°C/minute,
hold for 7 minutes

Electron Energy 70 volts (nominal)

Mass Range 35 to 500 daltons

Scan Time 1 second per scan or less

Injector Temperature 275°C

Separator Oven Temperature 300°C

Source Temperature 140°C

4.3.2 At the start of each 12.0-hour period of analysis, tune the instrument
as follows:

4.3.2.1 Manually inject 50 ng of DFTPP and check that the GC/MS
meets the standard mass spectral ion abundance criteria listed
below:
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Mass DFTPP Ion/Abundance Criteria

51 30.0-60.0 percent of mass 198

68 less than 2.0 percent of mass 69

69 mass 69 relative abundance

70 less than 2.0 percent of mass 69

127 40.0-60.0 percent of mass 198

197 less than 1.0 percent of mass 198

198 base peak, 100 percent relative
abundance

199 5.0-9.0 percent of mass 198

275 10.0-30.0 percent of mass 198

365 greater than 1.00 percent of mass 198

441 present, but less than mass 443

442 greater than 40.0 percent of mass 198

443 17.0-23.0 percent of mass 442

4.3.2.2 If criteria are not met, retune the system. Do not proceed with
analysis until a successful tune is performed.

4.3.2.3 Repeat the DFTPP calibration every 12 hours of operation or
whenever corrective actions are taken that change or affect the
tuning criteria (e.g., ion source cleaning or repair). The 12-
hour period begins with the DFTPP injection.

4.4 INITIAL CALIBRATION

4.4.1 Prepare a 5-point initial calibration curve as follows:

4.4.1.1 Place 20 //L (approx.) of the 20, 50, 80, 120 and 160 //g/mL
calibration standards into separate, 1-mL amber glass conical
vials with crimp-top septum caps. Place in the autosampler tray
and start the autosampler.



Method No.: CRA/SN-BNA
Revision: 0
Effective Date: 04/13/94
Page: 20 of 59

4.4.1.2 The autosampler withdraws 5 //L from the vial to pre-rinse the
syringe. It then withdraws and injects 1.0 juL onto the GC
column. The autosampler then rinses the syringe with ten 10-
/jL portions of methylene chloride.

4.4.2 Tabulate the area response of the characteristic ions against
concentration for each compound and internal standard and calculate
relative response factor (RF) for each compound using the following
equation:

RRF = Ax x Cis
Ais Cx

where Ax = Area of the characteristic ion for the compound
to be measured

Ais = Area of the characteristic ion for the specified
internal standard (see Table 5)

Cis = Concentration of the internal standard

Cx = Concentration of compound to be measured

4.4.3 Calculate the average relative response factor (RRFav9) for each
compound. The RRFW. of the System Performance Check Compounds
(SPCC) listed below must be at least 0.050.

______SPCC______

N-Nitroso-di-n-propylamine
Hexachlorocyclopentadiene
2,4-Dinitrophenol
4-Nitrophenol

4.4.4 Calculate the % relative standard deviation (% RSD) of RRF values for
each compound as follows:

% RSD = Standard Deviation x 100
Mean

The % RSD of the Calibration Check Compounds (CCC) listed below,
must be j<30.0%.

______________CCC_______________
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Acenaphthene Phenol
1,4-Dichlorobenzene 2-Nitrophenol
Hexachlorobutadiene 4-Chloro-3-methylphenol
N-Nitroso-di-n-propylamine 2,4,6-Trichlorophenol
Fluoranthene Pentachlorophenol
Di-n-octyl phthalate 2,4-Dichlorophenol
Benzo(a)pyrene

4.4.5 Once the criteria for initial calibration have been met, report the RRFave
and % RSD for all compounds.

If the minimum response factors or the % RSD are not met, evaluate
the system and take action to correct the problems prior to proceeding
with sample analysis.

4.5 CONTINUING CALIBRATION

4.5.1 Analyze a 50 //g/mL calibration standard(s) containing all semi-volatile
compounds every 12 hours immediately after a successful DFTPP tune.

4.5.2 Perform a system performance check as described in step 3.2.3.
Calculate the relative response factor (RRF) for each compound. The
RRF of the System Performance Check Compounds (SPCC) listed below
must be at least 0.050.

______SPCC______

N-Nitroso-di-n-propylamine
Hexachlorocyclopentadiene
2,4-Dinitrophenol
4-Nitrophenol

If SPCC criteria are not met, take corrective actions to isolate and
correct the problem.

4.5.3 Perform a continuing calibration check to verify the validity of the initial
calibration by calculating the % difference of the RRF for each CCC as
follows:

% Difference = RRF, - RRF x 1 00

where RRFav<) = average response factor from initial
calibration.

RRFC = response factor from current continuing
calibration standard
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The % difference of the Calibration Check Compounds (CCC) listed
below, must be _<_25.0%.

______________CCC_______________
Acenaphthene Phenol
1,4-Dichlorobenzene 2-Nitrophenol
Hexachlorobutadiene 4-Chloro-3-methylphenol
N-Nitroso-di-n-propylamine 2,4,6-Trichlorophenol
Fluoranthene Pentachlorophenol
Di-n-octyl phthalate 2,4-Dichlorophenol
Benzo(a)pyrene

Proceed as indicated below after calculating the % difference:

4.5.3.1 If the % difference for each CCC is <_ 25.0%, assume the
initial calibration is valid and continue analysis.

4.5.3.2 If the % difference for any CCC is > 25.0%, take corrective
action.

4.5.3.3 If the source of the problem cannot be determined, generate a
new five-point initial calibration curve. The calibration criteria
must be met before analysis can continue.

Note: If continuing calibration is being performed for a limited
set of compounds (e.g., PAHs or TCLP semivolatiles),
sample analysis may proceed as long as the response
factor exceeds 0.300 and the % difference is _<_
25.0% for each target analyte.

4.6 SAMPLE ANALYSIS

4.6.1 Transfer 100 jt/L of BNA extract into a 2-mL GC autosampler vial. Add
5.0 //L of internal standard spiking solution for a final concentration of
40 /yg/mL for each internal standard compound.

4.6.2 The autosampler withdraws 5 yc/L from the vial to pre-rinse the syringe.
It then withdraws and injects 1.0 //L of extract onto the GC column.
The autosampler then rinses the syringe with ten 10-jt/L portions of
methylene chloride.

4.6.3 If any compound in the sample exceeds the linear calibration range of
the system, clean the GC/MS by analyzing solvent blanks, until a blank
free of interferents is obtained. Reanalyze the sample at a dilution at
which no target compound is saturated.
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4.6.4 Tabulate the retention time and EICP area of each internal standard
against the most recent 12-hour continuing calibration standard.

If the following criteria are not met, reanalyze the sample:

• The retention time for any internal standard must not change
by more than 30 seconds from the latest 12-hour calibration
standard.

• The extracted ion current profile (EICP) area for any internal
standard must not change by more than a factor of two (-50%
to +100%).

4.6.5 Calculate the surrogate spike recoveries as follows:

Percent Surrogate Recovery = Qd x 100
Qa

where Qd = quantity determined by analysis
Qa = quantity added to sample

The surrogate spike recoveries must be within the limits listed on Table
6. If recovery of any surrogate is less than 10%, or more than one acid
and one base-neutral fraction surrogate exceeds limits, the sample must
be re-extracted and reanalyzed.

4.7 IDENTIFICATION OF TARGET COMPOUNDS

4.7.1 Identify semivolatile target compounds by comparison of the sample and
standard mass spectra generated during a 12-hour period.

4.7.2 Positively identify a compound by meeting the following criteria:

• The relative retention time (RRT) of the sample component is
within ± 0.06 RRT units of the standard component.

• All ions present in the standard mass spectrum at a relative
intensity greater than 10% (most abundant ion in the spectrum
equals 100%) must be present in the sample spectrum.

• The relative intensities of ions specified in the above paragraph
must agree within ± 20% absolute intensity between the
standard and sample spectra.

• Ions greater than 10% in the sample spectrum but not present
in the standard spectrum must be considered and accounted for
by the analyst making the comparison. When GC/MS computer
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data enhancement programs are used to obtain the sample
component spectrum, both the enhanced and the raw spectra
must be evaluated. The verification process should favor false
positives for BNA identifications.

4.8 QUANTITATION OF TARGET COMPOUNDS

4.8.1 Quantitate target components by the internal standard method. The
internal standard nearest the retention time of a given analyte is used
for quantitation (see Table 5).

4.8.2 The relative response factor (RRF) from the daily standard analysis is
used to calculate the concentration in the sample. Use the response
factor as determined in step 4.4.2 and the following equations:

4.8.2.1 Water samples

Concentration (in fjg/L) = __(An) (I,) (V,)
(AJ(RF)(V0)(Vi)

where Ax = Area of the characteristic ion for
the compound to be measured

Ab = Area of the characteristic ion for
the internal standard

\t = Amount of internal standard
injected (ng)

V0 = Volume of water extracted (ml_)

Vj = Volume of extract injected (jjL)

Vt = Volume of total extract U/L)

4.8.2.2 Sediment/soil samples

Concentration (in /yg/kg) = (AK) (le) (Vt)
{Ab)(RF)(Vl)(W.)

where Ax/ I,, A^ = same as above for water samples

Vt = Volume of low level total extract (Use
1000 fjL or a factor of this when
dilutions are made. The 1000 fjL is
derived from concentrating the 9.5 ml
extract to 0.95 ml_.)



Method No.: CRA/SN-BNA
Revision: 0
Effective Date: 04/13/94
Page: 25 of 59

OR

Volume of medium level extract (Use
2000 jjL or a factor of this when
dilutions are made. The 2000 //L is
derived from concentrating 5 mL of the
10 mL extract to 1 mL.)

Vj = Volume of extract injected (//L)
W. = Wet weight of sample extracted (gm)

5.0 DATA COLLECTION

5.1 EXTRACTION

Document the following in a bound lab notebook for each set of extractions
performed. Entries must be made at the time of extraction and concentration.
An example logbook entry is shown in Figure 1 and briefly described below:

• preparation method code (root code) and brief description (e.g., LLW
BNAs).

• date and time extraction started and completed, and analyst(s)
signature(s).

• date and time concentration started and completed, and analyst(s)
signature(s).

• method of final concentration (water bath or nitrogen blowdown
technique).

• lab sample number, sample aliquot, and descriptive codes (see Table
7) for each sample. Identify any lab quality control samples (method
blanks, MS/MSDs, LCSs).

• Spikes added, to include the spiking solution identification number and
the volume of spike added.

Forward the following to data management from each 12-hour tune for data
package preparation:

• description of problems encountered and actions taken during sample
analysis on corrective action records.

• logbook page(s).
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5.2 ANALYSIS

Document all data in a bound lab notebook for each set of analyses performed.
Entries must be made at the time of analysis. Examples of appropriate forms
for data collection (i.e., assignment sheets and injection log) are shown on
Figures 2-3.

Data collection should include the following:

• method code and brief description (e.g., GC/MS - Semivolatiles).

• instrument parameters.

• date and time of DFTPP injection, and analyst(s) signature(s).

• lab sample number and aliquot, and data system filename. Identify any
lab quality control samples (method blanks, MS/MSDs, LCSs).

• spikes added, to include the spiking solution identification number and
the volume of spike added.

Forward the following to data management from each 12-hour tune for data
package preparation:

• description of problems encountered and actions taken during sample
analysis on corrective action records.

• initial and continuing calibration files.

• tune files.

• sample and associated quality control sample files (method blank, lab
control standard, MS/MSD).

• Chromatograms, quantitation reports, and mass spectra for samples and
associated quality control samples.

• logbook page(s) and assignment sheets.

6.0 QUALITY CONTROL

6.1 SOLVENT PRESCREEN

Prescreen each lot of solvent prior to use as described in LSG Procedure AP-
001, Reagent Screening Program. Use only approved lots of solvent in sample
extraction.
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6.2 METHOD BLANKS

Method blanks must be prepared and analyzed with each batch of up to
twenty samples of similar concentration and matrix extracted together.

Analyze and evaluate the method blanks as described in Section 4.6
concurrently with the samples from the batch. Each blank must meet the
following additional criteria:

• The method blank must not contain more than five times the
reporting limit of any phthalate ester, and less than the reporting
limit of all other target compounds.

• The surrogate spike recoveries of the method blank must be
within the limits listed on Table 6. If they are not, take
corrective measures before sample analysis proceeds, which
may include verification of the spiking solution.

6.3 LAB CONTROL STANDARD (LCS)

An LCS must be prepared and analyzed with each batch of up to twenty
samples of similar concentration and matrix extracted together.

Analyze and evaluate an LCS as described in Section 4.6 concurrenly with the
samples from the batch. Each LCS must meet the following criteria: recovery
of at least 17 of the 18 LCS compounds the surrogate standard compounds
must meet the must meet the limits listed in Table 6. If the recovery of 2 or
more LCS compounds is unacceptable, troubleshoot the GC/MS system,
extraction, and/or standards. Re-extract the associated samples.

6.4 SURROGATE STANDARDS

Calculate surrogate spike recovery for each surrogate compound in each
standard, sample, blank, matrix spike and matrix spike duplicate to monitor
both sample preparation and analysis.

Re-extract samples with surrogate recoveries outside the limits on Table 6. If
surrogate recoveries are acceptable after re-extraction, report the re-extraction
results. If surrogate recoveries remain outside the quality control limits after
re-extraction, assume the presence of a matrix interference; report the results
of the initial analysis.

6.5 MATRIX SPIKE/MATRIX SPIKE DUPLICATE (MS/MSD)

An MS/MSD must be prepared and analyzed with every twenty project
samples of similar matrix and concentration.
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When a sample requiring dilution has been chosen as the MS/MSD, the
MS/MSD must be analyzed at the same dilution as the unspiked sample.

Calculate percent recovery as follows:

Percent Recovery = SSR - SR x 100
SA

where SSR = Spiked Sample Result
SR = Sample Result
SA = Spike Added

Calculate the relative % difference (RPD) as follows:

RPD = 2(D, - D;) x 100
(D, + D2)

where D, = MS Result
D2 = MSD Result

Advisory MS/MSD percent recovery and RPD limits are listed on Table 6. Since
these limits are for advisory purposes only, they should not be used to
determine if sample reanalysis is required.

6.6 METHOD DETECTION LIMIT (MDL) STUDIES

A method detection limit study is performed for water analysis annually
according to the procedure in 40 CFR 136, Appendix B. The statistically-
based MDLs obtained from the study must be less than or equal to the
reporting limits for the method.

6.7 CONTROL LIMITS

The statistically-based control limits for precision and accuracy listed in Table
6 are updated periodically and, therefore, subject to chnage.

7.0 INTERFERENCES

7.1 Contamination can occur whenever high level and low level samples are
sequentially analyzed. To reduce carry over, the gas chromatographic column
should be held at final temperature for an extended period of time, allowing
saturated or late eluting compounds to be baked off. If an unusually
concentrated example is encountered, it should be followed by analysis of a
solvent blank to check for cross contamination.

7.2 Frequent replacement of the capillary injector liner helps to avoid
chromatographic resolution problems.



Method No.: CRA/SN-BNA
Revision: 0
Effective Date: 04/13/94
Page: 29 of 59

7.3 Interferences can occur whenever a sample containing a high level of organics
is analyzed. In some instances a dilution will be necessary, resulting in
elevated detection limits. Low levels of target compounds may not be
detectable due to the elevated detection limits.

8.0 SAFETY PRECAUTIONS

8.1 Wear a lab coat and safety glasses with side shields at all times while
performing this procedure. Wear gloves to avoid skin contact with acids,
bases, organic solvents and possible toxicants used as reagents or contained
in the samples for analysis.

8.1.1 Should skin or eye contact occur, flush the exposed area(s) with large
amounts of water and seek immediate medical attention.

8.1.2 Never pipet materials by mouth. Use a rubber bulb or other approved
suction device to transfer materials by pipet.

8.2 Handle and store all reagents in accordance with the precautions listed on the
material safety data sheets (MSDS).

8.2.1 Consult the MSDS for each reagent listed in this procedure before use.
The MSDS will provide pertinent information on toxicity, safety
precautions and storage conditions.

8.2.2 Always consult the label on the reagent bottle for up-to-date information
on safety precautions during handling, preferred storage conditions and
expiration data.

8.2.3 Label all flasks, vials, etc., with the intended contents prior to filling.
Follow established laboratory procedure in completing and affixing
labeling information to equipment.

8.3 Avoid breathing solvent and standard solution vapors. If overexposure to
vapors should occur, seek fresh air and immediate medical attention.

8.4 Handle all glass equipment with care, particularly during assembly and
disassembly.

8.5 Avoid contact with hot GC parts (e.g., injection ports or transfer lines).

8.6 Vent GC/MS mechanical pump exhaust to the outside.

9.0 APPARATUS AND MATERIALS

9.1 EXTRACTION



Method No.: CRA/SN-BNA
Revision: 0
Effective Date: 04/13/94
Page: 30 of 59

9.1.1 Continuous liquid-liquid extractor: Equipped with Teflon or glass
connecting joints and stopcocks requiring no lubrication (Corning "One-
Step", or equivalent).

9.1.2 Drying column: 20-mm I.D. Pyrex chromatographic column. If so
equipped, the stopcock material should be Teflon. Use columns without
frits.

Transfer a small pad of Pyrex glass wool to the bottom of the column
by tamping with a glass stirring rod or pipet. The glass wool retains the
adsorbent in the column.

Pack the column with approximately 10 cm (about 3 inches) of
anhydrous sodium sulfate. Put a funnel into the top of the column and
pour the sodium sulfate into the column to the correct height.

Support the column in an upright position by means of a clamp attached
to a metal ring stand. Prewash the column with approximately 50 mL
methylene chloride followed by approximately 50 ml of the elution
solvent if different from methylene chloride.

9.1.3 Kuderna-Danish (K-D) apparatus:

9.1.3.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025
or equivalent). Use a ground-glass stopper to prevent
evaporation of the extract.

9.1.3.2 Evaporation flask: 500-mL (Kontes K-570001-500 or
equivalent). Attach to concentrator tube with springs, claps or
safe-T joint.

9.1.3.3 Snyder column: Three-ball macro (Kontes K-503000-0121 or
equivalent).

9.1.3.4 Snyder column: Two-ball micro {Kontes K-569001-0219 or
equivalent).

9.1.4 Nitrogen blowdown module: Module (Reacti-therm from Pierce Chemical
Company, Rockford, Illinois or equivalent) equipped with Luer-Lock blunt
tip needles and a source of N2 gas passed through an activated carbon
column (Supelpure HC 2-2445 or equivalent). The module should
accommodate aluminum blocks or a water bath to hold the concentrator
tubes.

9.1.5 Boiling chips: Solvent extracted, approximately 10/40 mesh (silicon
carbide or Teflon or equivalent).
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9.1.6 Water bath: Heated, with concentric ring cover, capable of temperature
control (±5°C). The bath must be used in a hood.

9.1.7 Vials: Glass, 2-mL capacity, with Teflon-lined screw cap. Amber vials
are preferred.

9.1.8 pH indicator paper: pH range including the desired extraction pH.

9.1.9 Heating mantle: Rheostat controlled. Alternatively, a hot plate may be
used as a heating unit.

9.1.10 Syringe: 5-mL, or other suitable equipment to deliver small
volumes of solvent for rinsing such as Pasteur pipets.

9.1.11 Graduated cylinder: 1 -liter, 500-mL and 100-mL glass cylinders.

9.1.12 Plastic tubing: New plastic tubing must have the internal walls
rinsed several times with hexane before use with the Reacti-
therm heating module.

9.1..13 Erlenmever flask: 250-mL

9.1.14 Glass equipment supports: Ring stand or similar support with
a clamp attached to support either the extractor body or the
drying column.

9.1.15 Separatorv funnel: 2-liter glass funnel with stopcock and
stopper of Teflon.

9.1.16 Glass equipment supports: Ring stand with large metal ring
attached to support the glass separatory funnel and a clamp
attached to support the drying column in an upright position.

9.1.17 Sonicator and associated equipment:

9.1.17.1 Sonicator: Ultrasonic Cell Disrupter - horn-type
sonicator with a minimum power wattage of 375 and
pulsing capability (Heat Systems - Ultrasonics, Inc.,
Model W-385 [475 Watts] or equivalent). See Table
4 for daily tuning instructions.

9.1.17.2 Sonicator Titanium Tips: Tapped disrupter horns - V*-
inch (No. 200) and %-inch (No. 207) (Heat Systems -
Ultrasonics, Inc. or equivalent).
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9.1.17.3Sonicator Titanium Tips: Standard tapered 1/8-inch
microtip ultrasonic probe (Heat Systems - Ultrasonics,
Inc. or equivalent).

9.1.17.4Sonabox: Optional damper box to contain sonicator
during operation. (Heat Systems - Ultrasonics, Inc.,
Model 432B or equivalent).

9.1.17.5 Sonicator horn support equipment: Vinyl-coated clamp
attached to heavy-duty ring stand. Secure the clamp
on the chrome housing of the sonicator converter only.
The movement of the horn will be restricted if the
clamp is placed on the driver or the horn sections. The
converter may also be hand-held during use.

9.1.18 Balance: Top-loading, capable of weighing to 0.01 g.

9.1.19 Glass scintillation vials: At least 10-mL with Teflon-lined screw-
cap.

9.1.20 Spatula: Stainless steel or Teflon.

9.1.21 Beakers: 400-mL.

9.1.22 Filtration apparatus:

9.1.22.1 Glass funnel: 80-mm or of sufficient size to contain
filter paper.

9.1.22.2 Filter paper: Whatman No. 41 or equivalent.

9.2 ANALYSIS

9.2.1 Micro Syringes: 5-//L and larger, 0.006 inch ID needle.

9.2.2 Balance: Analytical, capable of weighing to 0.0001 grams.

9.2.3 Sample Vials: 2.0-ml, screw cap with Teflon liner.

9.2.4 Flasks: Class A, volumetric with ground glass stoppers.

9.2.5 GC column: 30 m x 0.32 mm ID bonded-phase silicone coated fused
silica capillary column (J & W Scientific DB-5 or equivalent).

9.2.6 Gas Chromatoaraphv/Mass Spectrometer (GC/MS): Finnigan
4500/9610, Incos BOB or equivalent.
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9.2.7 GC/MS Data System: Finnigan Mat - 1 INCOS or equivalent system
equipped with Super Incos software.

9.2.8 Conical Autosampler Vials: Amber, 1-mL vials with crimp-top, teflon-
lined caps.

10.0 REAGENTS

10.1 EXTRACTION

10.1.1 Reagent water: Deionized water passed through an activated
carbon column.

10.1.2 Sodium hydroxide solution. 10 N: Dissolve 40 g ACS grade
NaOH in reagent water. Dilute to 100 ml_ with reagent water.

10.1.3 Sodium sulfate: ACS grade granular, anhydrous. Purify by
heating at 400°C for at least 4 hr in a shallow tray.

10.1.4 Sulfuric acid (H2S01) solution (1:1): Slowly and with caution,
add 50 mL of reagent grade H2S04 (sp. gr. 1.84) to 50 ml_ of
reagent water.

10.1.5 Extraction/exchange solvents: Methylene chloride, hexane,
cyclohexane, acetonitrile. (See LSG Procedure AP-001, Reagent
Screening, for grades and pre-screening procedure.)

10.1.6 Nitrogen (N,) gas: Zero grade gas dried by filtering through a
column of activated carbon.

10.1.7 Stock standards: Materials prepared from pure standard
materials or purchased as certified solutions. Base/neutral and
acid stock standards are prepared in methylene chloride.

Store stock standard solutions in Teflon-lined screw cap, glass
containers at 4°C. Replace these solutions after six months or
sooner if comparison with quality control check samples indicate
a problem.

The spiking solution concentrations listed in Table 3 are
approximate. However, the exact concentration of each spiking
solution must be accurately known.

10.1.8 Clean sand: Reagent grade sand (e.g., Ottawa sand or sea
sand) muffled at 400°C for 4 hours (minimum).
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10.2 ANALYSIS

10.2.1 Reagent water: Deionized water passed through an activated
carbon column.

10.2.2 Methvlene chloride: Pesticide quality or equivalent.

10.2.3 Stock Standard Solutions: Stock standard solutions may be
prepared from pure standard materials or purchased
commercially. Prepare stock standard solutions in methylene
chloride.

10.2.4 Calibration standards: Prepare calibration standards containing
each target semivolatile compound (see Tables 1 and 2) and
surrogate standard at five concentration levels from stock
solutions: 20, 50, 80, 120, and 160 //g/mL. Each solution
must also contain internal standards at 40 //g/mL.

10.2.5 Surrogate. Internal and Matrix Spiking Standard Solutions:
Prepare the indicated solutions as follows:

10.2.5.1 Surrogate Standard Spiking Solution - Prepare LLW, LLS,
and MLS surrogate spiking solutions at the indicated
concentrations from stock in methanol.

Compound LLW. LLS and MLS

Nitrobenzene-d6 100 //g/mL
2-Fluorobiphenyl 100 //g/mL
p-Terphenyl-d14 100 //g/mL
Phenol-ds 200 //g/mL
2-Fluorophenol 200 //g/mL
2,4,6-Tribromophenol 200 //g/mL

10.2.5.2 Internal Standard Spiking Solution - Prepare a 800 //g/mL
solution containing the following compounds in methylene
chloride.

1,4-Dichlorobenzene-d4 Phenanthrene-d10
Naphthalene-d8 Chrysene-d12
Acenaphthene-d10 Perylene-d12

10.2.5.3 DFTPP Solution - Prepare a solution containing the following
compound in methylene chloride:

Decafluorotriphenylphosphene (DFTPP) 50 //g/mL
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10.2.5.4 BNA Matrix Spiking Solutions - Prepare solutions containing
the following compounds at the indicated concentrations
in methanol.

Base/Neutrals (100 j/g/mL) Acids (200 A/g/ml_)

1,2,4-Trichlorobenzene Pentachlorophenol
Acenaphthene Phenol
2,4-Dinitrotoluene 2-Chlorophenol
Pyrene 4-Chloro-3-methylphenol
N-Nitroso-di-n-propylamine 4-Nitrophenol
1,4-Dichlorobenzene 2,4-Dichlorophenol
Benzo(a)pyrene 2-Nitrophenol
di-n-octyl phthalate 2,4,6-trichlorophenol
fluoranthene
hexachlorobutadiene

11.0 REFERENCES

11.1 U.S. EPA SW-846, "Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods," Volume IB, 1986; Methods 3500, 3510, 3520,
3550, and 8270.

11.2 40 CFR Part 136, "Guidelines Establishing Test Procedures for the Analysis
of Pollutants Under the Clean Water Act; Final Rule and Interim Final Rule and
Proposed Rule," October 26, 1984, Method 625.

11.3 U.S. EPA Contract Laboratory Program, "Statement of Work for Organic
Analysis, Multi-Media, Multi-Concentration", OLM01.8
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TABLE 1

Semivolatile Oganics Reporting Limits for TCL and Priority Pollutant Analyses

Parameter Water Soil
ug/L ug/Kg

acenephthene 10 330
acenaphthylene 10 330
anthracene 10 330
benzidine 50 1600
benzo(a)anthracene 10 330
benzo(a)pyrene 10 330
benzo(b)fluoranthene 10 330
benzo(g,h,i)perylene 10 330
benzojkjfluoranthene 10 330
benzoic acid 50 1600
benzyl alcohol 10 330
bis(2-chloroethoxy)methane 10 330
bis(2-chloroethyl)ether 10 330
2,2'-oxybis{ 1 -chloropropane) 10 330
bis(2-ethylhexyl)phthalate 10 330
butylbenzylphthalate 10 330
4-bromophenylphenyl ether 10 330
carbazole 10 330
4-chloroaniline 10 330
2-chloronaphthalene 10 330
4-chlorophenyl phenyl ether 10 330
chrysene 10 330
dibenz(a,h)anthracene 10 330
dibenzofuran 10 330
1.2-dichlorobenzene 10 330
1.3-dichlorobenzene 10 330
1.4-dichlorobenzene 10 330
3,3'-dichlorobenzidine 20 660
diethylphthalate 10 330
dimethylphthalate 10 330
di-n-butylphthalate 10 330
di-n-octylphthalate 10 330
2,4-dinitrotoluene 10 330
2,6-dinotrotoluene 10 330
1,2-diphenylhydrazine 10 330
fluoranthene 10 330
fluorene 10 330
hexachlorobenzene 10 330
hexachlorobutadiene 10 330
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Table 1
Semivolatile Organics Reporting Limits for TCL and Priority Pollutant Analyses
(cont'd)
Page Two

Parameter Water Soil
ug/L ug/Kg

hexachlorocyclopentadiene 10 330
hexachloroethane 10 330
indeno(1,2,3-cd)pyrene 10 330
isophorone 10 330
2-methylnaphthalene 10 330
naphthalene 10 330
2-nitroanaline 50 1600
3-nitroanaline 50 1600
4-nitroanaline 50 1600
nitrobenzene 10 330
N-nitrosodimethylamine 10 330
N-nitroso-di-n-propylamine 10 330
N-nitrosodiphenylamine 10 330
phenanthrene 10 330
pyrene 10 330
1,2,4-trichlorobenzene 10 330
4-chloro-3-methylphenol 10 330
2-chlorophenol 10 330
2,4-dichlorophenol 10 330
2,4-dimethylphenol 10 330
2,4-dinitrophenol 50 1600
4,6-dinitro-2-methylphenol 50 1600
2-methylphenol 10 330
4-methylphenol 10 330
2-nitrophenol 10 330
4-nitrpohenol 50 1600
pentachlorophenol 50 1600
phenol 10 330
2.4.5-trichlorophenol 50 1600
2.4.6-trichlorophenol 10 330
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TABLE 2

Semivolatile Oganics Reporting Limits for Residential Well Analyses

Parameter

acenephthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(g,h,i)perylene
benzo(k)fluoranthene
benzyl alcohol
bis(2-chloroethoxy)methane
2,2'-oxybis(1 -chloropropane)
bis(2-chloroisopropyl)ether
bis(2-ethylhexyl)phthalate
butylbenzylphthalate
4-bromophenylphenyl ether
4-chloroaniline
2-chloronaphthalene
4-chlorophenyl phenyl ether
chrysene
dibenz(a,h)anthracene
dibenzofuran
1.2-dichlorobenzene
1.3-dichlorobenzene
1.4-dichlorobenzene
3,3'-dichlorobenzidine
diethylphthalate
dimethylphthalate
di-n-butylphthalate
di-n-octylphthalate
2,4-dinitrotoluene
2,6-dinotrotoluene
fluoranthene
fluorene
hexachlorobenzene
hexachlorobutadiene
hexachlorocyclopentadiene
hexachloroethane
indenod ,2,3-cd)pyrene

Target
PQL
ug/L

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

20
5
5
5
5
5
5
5
5
5
5
5
5
5

Cont.
MDL
ug/L

7
8
6
9
7
2
8
8
6
6
4
6
8
8
6
5
6
7
7
8
7
10
9
20
10
20
20
6
9
7
7
7
8
7
9
3
20
7

SF
MDL
ug/L

6
6
5
5
6
7
9
10
9
8
10
9
4
5
6
8
7
6
6
9
7
8
8
8
7
10
20
6
7
7
6
7
5
6
7
7
7
4
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Table 2
Semivolatile Organics Detection Limits for Residential Well Analyses (cont'd)
Page Two

Parameter Target Cont. SP
PQL MDL MDL
ug/L ug/L ug/L

isophorone 5 5 8
2-methylnaphthalne 5 7 6
naphthalene 5 9 7
2-nitroaniline 20 7 6
3-nitroaniline 20 10 6
4-nitroaniline 20 20 8
nitrobenzene 5 6 9
N-nitroso-di-n-propylamine 5 6 8
N-nitrosodiphenylamine 5 7 6
phenanthrene 5 8 5
pyrene 5 7 5
1,2,4-trichlorobenzene 5 8 7
benzoic acid 5 30 20
4-chloro-3-methylphenol 5 4 5
2-chlorophenol 5 3 9
2,4-dichlorophenol 5 3 8
2,4-dimethylphenol 5 2 4
2,4-dinitrophenol 20 20 20
4,6-dinitro-2-methylphenol 20 6 10
2-methylphenol 5 4 8
4-methylphenol 5 4 7
2-nitrophenol 5 3 7
4-nitrpohenol 20 20 8
pentachlorophenol 20 4 7
phenol 5 3 6
2.4.5-trichlorophenol 20 5 7
2.4.6-trichlorophenol 5 4 7
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TABLE 3

Spiking Solutions

Test

GC/MSBNAs

GC.MS BNAs

GO-MS SNAs

QC Solution

Surrogate Spike

Matrix Spike

NPOES (Region III)
Matrix Spike

Solvent

Methanol

Metnanol

Metnanol

Sarapta Matrix: Sp*e Added

Water 1.0 mL/1000 mL sample1

LLS: O.S mL/30 g sample1

MLS: 1.0 ml/1 g sample'
Soxhlet: 0.5 mLTIO g sample1

Water 1.0 mL/1000 mL sample'
LLS: 0.5 mL/30 g sample'
MLS: 1.0 ml/1 g sample'
Soxnlet: O.S mL/10g sample'

Water 1.0 mL/1000 mL sample

Anatyie<s)

2-FkiorDblphenyl
Ktrobenzene-d,
Teiprienyt-d^
2-fiioraphenol
2.4.6-Tribremophenol
PfienoKt,

1.2.4-Trichlorebenzene
Acenaphtriene
2.4-Oinitraloluene
Pyiene
N-nitreso-d-n-prepylamine
1 ,4-Oicfclorobenzene
Pentaditorophenol
Phenol
Z-CDkHOptienol
4-CMon>-3-mettiy1 phenol
4-NJtnophenol

Al BNA pnofity pollutants

Concentration of
Spike Solution'

100M0/mL
100Mg/mL
100|iQ/mL
200MO/mL
ZOOiigfrnL
200Mg/mL

100 ug/mL
lOOpg/mL
lOOug/mL
100iig/mL
100ug/mL
100 vqlnt.
200ugftnL
200|>g/mL
200(ig/mL
200ug/mL
200(ig/mL

lOOug/mL
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TABLE 4

Tuning Procedures for Ultrasonic Cell Disrupter. Model W-385

Tune the sonicator daily as follows:

1. Place power switch (ON/OFF/TUNE) in the "OFF" position.

2. Turn the timer to the "HOLD" position.

3. Turn the output control knob fully counter-clockwise, below
setting "1" for minimum amplitude.

4. Push and hold the power switch down in the "TUNE" position
(it is spring loaded in this position and must be held during
tuning).

5. Slowly turn the output control knob to setting "10" (maximum
amplitude) taking care not to exceed 100%.

• If the meter approaches 100%, lower the control knob
setting to about "5" and continue with steps 6 through 9.
Then raise the setting to "10" and retune.

• If the generator has been thrown far off resonance, several
increments between settings "5" and "10" may be required
before the knob can be set to "10" without exceeding
100% on the meter.

6. Turn the tuning knob in whichever direction will cause the meter
needle to move toward zero (0).

7. Continue turning the tuning knob in that same direction until the
needle stops moving and then begins to move in a reverse
direction.

8. Reverse the tuning knob very slowly to return the meter needle
to its lowest reading (that "null" point at which any motion of
the tuning knob in either direction will cause the needle to
deflect away from zero).

9. Return the output control knob to minimum setting (fully
counter-clockwise) and release the power switch. The generator
is now tuned properly.
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TABLE 5

Internal Standard Assignments

1 .4-OitiikMObanzana-d.

Ptwnol

Us(2-ChkHOattiy<)Mtwr

2-CMon>pti«nol

1 _3-Otdikxob«nieo«

1 ,4-Oidilorobenzana

Banzyl alcohol

1.2-Dichtorotoafnena

2-Methy4ph«no<

2 -̂oxybis
(1 -Cfcbropfopaofl)

4-M«thŷ ph«oo(

N-f«roso-<*-fl
prepytanine

H»*acfito<o«than«

te(2-CMcxocjopropyt)
•Owr

H-MbD«xinwaiŷ
wntnQ

2-Ruoroph«oo4 (sun)

Phcnol-d, (SUIT)

NaphthalMW-d,

Nttrobenzena

teophororw

2-Nitroph«nol

2.4-Oim«myl -plwnol

B«nzo«cac>d

bts(2-CtilomethQxy)
methane

2.4-Oictibrophanol

1.2.4-Trtcfttoro-
banzene

Naphthalene

4-Oitoroaniin«

Hexachtorobutadana

4-CMoreO-
methytphanol

2-MathytnapMhalena

Nttrobanzane-d,
(sun)

Acanaphthanv-d*

Haxad<kNocyck>-
pantadafM

2-4-*-TrtChte«t)ph«ool

2.4 -̂Trichk>raplMnal

2-CI>t9RNiaphttialane

2-Nrtroartina

Dim«1Jiytphmalata

Acenaptrthytene

3̂ HroaniBn«

Acanaphthone

i4-Dirttrop»»ano(

4-Nitrophenol

Oiberuoiuran

2.4-Oinitrotoluana

2,6-Oinitrotoluaoa

OtothytpMhalat*

4-Chtoroph«nyt-

Rjcmna

4-Miroarflina

2-Fluorabiph«fly<
(sunr)

2,4.6-TiftMonnplMnal
(JOtl)

PharvarttKvott-d,.

4.6-Orttn^2-
mottiy%>ttanol

N-NRnMoaptMnyl-
an*vi

1̂ -Oiphaoylhydraiino

4-8n>moph«nyt-
ph«ny*ath«r

HaxactUonib«nzane

Pantaditotophfl not

PlMnarttvona

Arthracmw

Ot-n-butyt-phthalata

Fkxxanttwoe

Owysaoe-d^

Pyrsna

Buryt>tnzytphmalata

3>TNctOore>b«TzkJn«

Baozo(a)anttiracafM

bis(2-E9iy1h«xy -̂
phthalate

Chry-sene

Banzkina

Tefphenyl-d^ (sutr)

Paiyiam-d,

DMvoctyt-pMhaiat*

B«nzo(b)fluoranm«na

Banzo<k)nuoranltiaf«a

Oai uu{a)pyTvnQ

Ind«no(1i3-cd)
pyrena

Oibanz(a.li)
aittuacona

Banzo(g.hj)p«'y1ana

Sun- surrogat* oonpound
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TABLE 6

QC Limits

DUALITY CONTROL TEST FILE
SEMI VOLATILE ORGAN ICS - CC/MS

UAICK
PH: E27X AM: O10U

COMPOUND

1 , 2 . 4 - 1 r i ch I orobenzene

1 , 2-di di 1 oroberuene

1,3-diehlorobenzene

1 , 4-di chlorobenzene

2.4,5-trlchlorophenol

2,4,6- trichlorcphenol

2.4-dichlorophenol

2,4-dimethylphenol

2,4-dinitrophenol

2,4-dini trotoluene

2, 6-dini trotoluene

2-chloronaphthalene

2-chlorophenot

2-i*thyl-4,6-dinitrophenol

2-nethylnaphthalene

2-nethyl phenol

2-nltro*niline

2-nl trophenol

3,3'-dichlorobenzidine
JtfcK!8f8!fV8£?SA5RSR«]
3-nltroanUine

4-bromaphenyl phenyl ether

COMBO

OU5

OL41

OU5

0147

ONOS

ON07

ON08

CH09

OHIO

OM11

OM13

OM15

OM16

OM20

ON22

OM23

OM2S

OH26

OM29

OM33

OM37

OM39

PRECISION AS RPO .
I*. 0. X S CPt

.S19.5

S21.3

124.0

421.9

SN.K

£8.49

<9.45

<7.92

<31.2

i18.4

<16.7

118.8

<14.0

£.41.6

<17.J

<14.5

<24.9

<8.B4

<22.9

S21.5

<24.4

il3.0

<2S.8

«27.5

a\.\
X29.1

£40.8

110.8

112.5

S10.A

S40.7

<24.2

£2.2

<24.8

<18.6

S55.3

<22-7

<19.1

512.7

<11.J

530.0

S28.0

531.8

i17.0

6.92

8.8^

9.71

7.59

7.7i

3.8^

3.2^

2.62-

12.0?

6.76

5.7i

6.6^

4.84

14.il

6.3i

5.4*

9.3^

3.8i

B.s4

8.<U

9.4i

5.1^

6.29

6.2*

7.li

7.16

11. 0?

2.3i

3.oi

2.6^

9.si
5.80

5.46-

6.0^

4. Si

13.7^

5.^

4. si

7.80-

2. SJ

7.fli

6.4

7.4*

3.9*

-

-

-

-

-

-

-

-

-

-

-

-

•

-

-

-

-

-

-

•

PERCENT RECOVERY OF LAB CONTROL STANDARDS ,
UL CL X S CWT

33.8-89.1

42.6-76.8

39.4-75.8

25.1-77.3

5S. 3-103

47.2-102

61.6-92.5

58.0-94.4

24.5-103

55.9-98.6

69.2-96.7

63.6-92.4

48.8-91.5

32.5-107

59.1-88.4

47.5-95.1

59.0-106

62.2-88.3

67.2-106

51.7-96.4

61.5-98.6

61.3-95.6

20.0-103

34.1-85.3

30.3-85.0

12.1-90.4

43.4-115

33.4-116

53.8-100

49.0-103

4.91-123

45.3-109

62.4-104

56.4-99.6

38.2-102

13.9-125

51.8-95.7

35.6-107

47.2-118

55. 6-94.8

57.6-115

40.6-108

52.3-108

52.7-104

61.43

59.70

57.65

51.24

79.20

74.68

77.04

76.22

63.77

77.27

82.96

77.96

70.19

69.65

73.71

71.28

82.54

75.23

86.42

74.04

80.08

78.42

13.82

8.54

9.10

13.05

11.94

13.75

7.73

9.09

19.62

10.67

6.87

7.20

10.67

18.59

7.32

11.91

11.77

6.54

9.62

11.16

9.27

8.57

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

PERCENT RECOVERY OF MAIRIX SPIKES
95X Cl 99X Cl X S

47.1-88.3

-

-

33.4-84.7

-

-

-

-

-

57.5-102

-

-

47.8-88.6

-

-

-

-

-

-

-

-

-

36.8-98.6

-

-

20.5-97.5

-

-

•

-

-

46.4-113

-

-

37.6-98.7

-

•

-

-

-

-

-

-

-

67.69

•

-

59.05

V

-

-

-

79.84

-

-

68.19

-

-

-

-

-

-

-

-

•

10. J1

-

12.83

^/

-

-

11.16

-

•

10.18

-

-

-

-

•

•
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Table 6
QC Limits (cont'd)
Page Two

OUAUrr CONTROL TEST FILE
SEMIVOLATIlE ORGANIC* - GC/MS

UATER
PM: E27X; AH: 01 Ou

COHPOUM)

4'Chloro'3-methylptienoL

4-chloroanit ine

4-chlorophenyl phenyl ether

4-methylphenol

-4-ni troani 1 ine

* 4-ni trophenol

N-nitroso-di -n-propylamine

N-nitrosodiphenylamine

acenaphthene

acenaphthylene

anthracene

benzo(a)anthraeene

benzo(a)pyrene

benzo(g.h, i jperylene

benzo< k ) f I uorant hene

benzole acid

benzyl alcohol

benzyl butyl phthalate

bi«(2-chloroethoi<y)[»i;th»ne

bU(2-chloroethyl)«ther

bis(2-chloroisopropyl)ether

bis(2-ethylhexyl)phthalate

COMBO

OM40

ON41

OM42

OM43

OM44

OM45

ON02

ONOS

ON13

OKU

OM19

OH2J

ON24

OM2S

ON27

OH28

OH29

ON30

ON33

OKM

OK35

ON36

PRECISION AS RPO .
UL CL X S CPK

<10.9

<25.9

S16.2

<15.3

<2S.O

i20.S

<18.8

-

<15.0

<18.2

<12.6

J16.7

<21.7

<86.0

<22.1

i62.3

0.67-8.51

i12.4

i19.0

i20.8

i19.1

£.16.«

SU.3

534.6

<21.5

<19.9

i33.2

S26.5

<25.2

<20.fi

<19.9

<24.2

<16.4

<21.9

<28.1

<118

<28.8

SBO.O

S10.5

i.16.1

125.3

S27.1

<24.7

<21.8

4.li

8.3>

5.5^

5.9)

8.5*

8.3^

6.11

-

S.28

6.08"

5.07

6.3J

8.8?

21.i

8.oJ

27. o3

4. 5^

5.0^

6.2*

8.0$

7.9o-

s.si

3.«4

8.72

5.331

4.6^

8.2l

6.0^

6.36

-

4.87

6.0?

3.7S-

5.1o

6.«i
3Z.4

6.73

17.6?

1.9̂

3.7i

6.3^

6.331

5.5o

5.4*

-

-

-

-

-

-

-

-

-

-

-

-

-

•

-

-

•

-

-

-

PERCENT RECOVERY Of LAB CONTROL STANDARDS .
Ul CL X S CPC

57.8-96.6

62.7-88.2

66.0-98.4

48.7-92.3

53.1-112

19.3-91.4

59.4-89.4

60.8-91.6

54.9-95.2

68.1-97.6

64.6-103

66.1-101

56.4-97.6

54.1-112

55.4-109

10.3-60.6

42.9-93.2

61.9-105

65.9-88.6

59.9-91.5

-

57.2-104

48.1-106

56.4-94.5

57.9-106

37.8-103

38.5-126

1.30-109

51.9-96.9

53.2-99.2

44.8-105

60.8-105

55.0-113

57.3-110

46.1-108

39.7-126

42.0-122

-2.3-73.2

30.3-106

51.2-116

60.2-94.2

52.1-99.3

22.0-17?

45.4-116

77.17

75.46

82.17

70.48

82.33

55.39

74.39

76.21

75.02

82.83

83.63

83.67

77.00

82.88

82.17

35.4>

68.05-

83.46

77.22

75.70

-

80.67

9.69

6.36

8.10

10.91

14.60

18.03

7.49

7.68

10.07

7.36

9.61

8.79

10.30

14.38

13.40

12.59 5

17.36 4

10.76

5.67

7.88

-

11.75

-

-

-

-

-

-

-

-

-

•

-

-

-

-

-

-

-

-

-

-

PERCENT RECOVERY of MATRIX SPIKES
95X Cl 99X Cl K S

56.4-93.9

-

17.5-94.6

52.3-104

-

56.7-93.5

-

-

-

-

-

-

-

-

•

47.0-103

-

-

-

-1.75-114

39.5-116

-

47.4-103

•

-

-

-

-

-

-

-

-

75.16

-

-

-

56.03

77.98

•

75.10

-

-

-

-

.

-

-

-

•

9.38

-

-

-

19.26

12.82

-

9.22

-

-

-

-

-

•

-

-

-
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Table 6
QC Limits (cont'd)
Page Three

DUALITY CONTROL TEST FILE
SEMIVOLATILE ORGANIC* • GC/HS

UA1ER
PH: E27X AM: 010U

COMPOUND

carbazole

chrysene

di-n-butyl phthalate

di-n-octyl phthalate

dibenz(a,h)anthracene

dibenzofuran

di ethyl phthalate

dimethyl phthalate

fluoranthenc

fluorene

hexachloroberaene

hexachlorobutadiene

hexachlorocycl opentadi ene

hexachtoroethane

I ndenod , 2 , 3 - ed) pyrene

iiophorone

naphthalene

ni trobenzene

pentachlorophenol

phenanthrene

phenol

pyrene

COMBO

OM39

ON41

ON42

ON44

ON47

ON48

ON50

0003

0004

0005

0006

0007

0008

0013

0015

0019

0020

0027

0029

0030

0033

PRECISION AS RPO .
UL CL X S CPIC

•

511.0

i11.2

<20.4

0.10-13.*

<16.4

JS27.5

<34.2

<14.7

<16.8

<.18.6

<19.5

<17.5

<23.0

i.18.5

<19.2

<14.S

<20.7

«30.9

Si 1.6

S.16.6

119.6

i20.B

iU.O

<K.6

<26.3

S16.7

<21.9

<36.7

<4«.2

<18.7

<22.3

<24.9

<25.1

<22.4

<29.4

<23.6

<25.4

<18.3

<26.8

<41.1

<14.8

£21.9

<26.2

-

4.9^

4.44

8.6$

6.27

5.44

29.2^

H.l4

6.&I

s.al
5.9}
8.32

7.7^

10.1?

8.2J

6.6l

7.oi
8.4!

10.41

5.l4

5.9i

6.36

3.oi
3.4l

5.8^

3.33

S.4i

49.l]

10.0?

4.0^

5.49-

6.3l

5.6f)

4.8>

6.4^

5.15-

6.1*

3.7^

6.li

10.23

3.19-

S.3^

6.62

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

•

-

PERCENT RECOVERY OF LAB CONTROL STANDARDS .
WL CL K S CMC

-
67.0-99.2

63.3-97.4

47.0-102

52.8-101

70.3-92.9

49.9-100

10.4-99.9

62.8-98.9

69.0-99.5

61.0-97.4

18.2-99.0

49.4-87.5

17.1-86.0

53.2-103

60.5-94.9

58.4-91.0

57.4-90.3

24.0-120

64.9-96.3

32.1-70.1

63.0-114

25-125

59.0-107

54.8-106

33.3-116

40.7-114

64.7-98.6

37.2-11J

-12.0-122

53.7-108

61.4-107

51.9-106

-1.94-119

39.8-97.0

-0.08-103

40.7-116

51.9-104

50.3-99.1

49.1-98.5

0.11-144

57.0-104

22.6-79.6

50.4-126

83.08

80.38

74.42

77.13

81.61

75.13

55.13

80.83

04.25

79.18

58.63

68.43

51.58

78.33

77.70

74.71

73.81

71.93

80.58

51.13

88.31

-

8.04

8.53

13.70

12.14

5.65

12.63

22.37

9.03

7.62

9.09

20.19

9.54

17.22

12.55

8.60

8.14

8.23

23.94

7.85

9.50

12.63

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

PERCENT RECOVERY OF HAIR IX SPIKES
95X Cl 9« Cl X $

-

-

-

-

-

-

-

-

-

-

-

-

-

7.03-122

-

24.3-62.5

53.4-110

-

-

-

-

•

•

-

-

•

•

•

-

-

•

-21.6-150

-

14.7-72.0

39.2-125

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

64.35

-

43.36

81.87

-

-

-

•

— 1W

-
-
-
-
-
-
-
-
-
•
-
-

28.66

-

9.55

14.24
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Table 6
QC Limits (cont'd)
Page Four

OUALITr CONTROC TEST FILE
SEMIVOIATILE ORGANIC; - CC/MS

UAfER
PH: E27X AH: 010U

COMPOUND

2,4,6-tHbromophcnot (S)

2-f(uorobiphenyl (S)

2-fluorophenol (S)

nitroberuene-dS (S)

p-t«rj*«nxl-d14 (S)

phenol -dS (S)

COMBO

OH06

OH17

OH18

0021

0024

OO31

PRECISION AS RPO .
Wl CL X S CPK

NA

MA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

PERCENT RECOVERY OF LAB CONTROL STANDARDS .
Ul CL X S CPK

15.1-106

38.8-81.5

15.2-83.0

26.0-98.0

38.7-104

15.5-58.6

-7.69-129

28.1-92.2

-1.78-99.9

8.06-116

22.5-120

4.68-69.4

60.65

60.12

49.07

62.0!

71.20

37.02

i

22.78

10.68

16.95

17.99

16.24

10.78

-

-

-

-

-

PERCENT RECOVER? OF MATRIX SPIKES
95X Cl 99X Cl X S

HA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

3 DATA CALCULATED 12/92.
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Table 6
QC Limits (cont'd)
Page Five

QUALITT CONTROL TEST F I L E
SEMIVOLAIILE ORGAMICS - C,C/MS

UATER
PM: E29X AM: 01OU

COMPOUND

1,2,4-trichtorobenzene

1 , 2-di ch t oroberaene

1,3-dlchlorobenzene

1 , A - d i ch t orobenz en«

2,4,5-trIchlorophenol

2,4.6-trichlorophenol

2, A-dichlorophenol

2.4-dimethylphenol

2,4-dinitrophenol

2,4-dinitrotoluene

2, 6-dini trotolucne

2-chloronaphthalene

2-chtorophenol

2-methyl -4 ,6-dinf trophenol

2-methylraphthalene

2-nethyl phenol

2-nltroaniline

2-nl trophenol

3,J'-dichlorob*nzidin*
3t(̂ 8nVS£?2Ate3U,
3-n<tro*n(line

4-bromophenyt phenyl ether

COMBO PRECISION AS RPO
UL CL X S CPK

-

\

<20.B

(

-

>

-

.

-

\

PERCENT RECOVERY OF IM CONTROL STANDARDS
Ul Cl X S OHT

-

.

33.3-15J7

21.3-1397

-20.0-19T

8.22-1357

25-125 4

25.4-1S67

28. 3- US7

21.7-1297

-9S.2-227

27.6- K77

A3.0-1627

53.3-1257

9.62-1477

-52.6-20?

25-125 *

25-125 *

25-125 *

25-125 8

-55.6-27i

8.98-1737

25-125 *

44.6-1357

-

r

-

\ f

-

,

• ——

,

PERCENT RECOVERY OF MATRIX SPIKES
95X Cl 99X Cl X S

-

^ t

-

f
^

Si

—

S
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Table 6
QC Limits (cont'd)
Page Six

OUAUIT CONTROL TEST FILE
SEMIVOLATIIE ORGAN!CS • CC/HS

WATER
CM: E29X; AM: 01OU

COMPOUND

4-chloro-3-roethylphenol

4-chloroani I ine

4-cMorophenyt phenyl ether

4-methylphenol

Vni troani 1 ine

'"4-ni trophenol

N-ni troso-di -n-propylamine

M-ni trosodi phenyl ami ne

acenaphthene

acenaphthyl ene

anthracene

benzo(a)anthracene

benzo(a)pyrene

benzoCg.h, i)perylene

benzo(k)f 1 uorant hene

bemoic acid

benzyl alcohol

benzyl butyl phthalate

bi>(2-chloroethoxy)methane

bis(2-chloroethyl)ether

bis(2-ct<loroisopropyl)ether

bis(2-ethylhexyl Iphthalate

COMBO PRECISION AS RPO .
WL CL X S CPIC

i
id

<20.0

« 1

•

\ \

-

f

PERCENT RECOVERY Of LAB CONTROL STANDARDS ?

UL CL X S CPIT

f

7-0-tt.ZT

25-125 *

10.5-in7

25-125 *

25-125 *

-28.8-141

-15.3-2*7

25-125 *

37.6- 1557

21.4-1587

17.2-U47

19.9- 1557

-0.46-181$

-50.2-2*Z

-5.«7-17?

25-125 4

25-125 *

-40.7-16?

17.5- 1967

-4.52-17?

22.0- 1797

-8.64-17?

-

,f f ^ t

PERCENT RECOVER r OF HAIRIX SPIKES
95X Cl 9VX Cl X S

-

> t

- -

——

\ f
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Table 6
QC Limits (confd)
Page Seven

OUALIU CONTROL TEST FILE
SEMIVOLATILE OBCANICS - CC/HS

UAIER
PM: E29Z AM: OtOU

CQ/OD AJOUb

COMPOUND

cartxzole

chrysene

di-n-butyl phthnlate

di-n-octyl phthalste

dibenz(a,h)anthracene

dibenzofuran

die thy 1 phthatate

dimethyl ptithalatc

fluoranthene

fluorene

hexaeh lorobenz«ne

h«xacMorobutadiene

hexach lorocyc I opentadi ene

hcxach t orocthane

indenod ,2, 3-ed)pyrene

l*ophoronc

naphthalene

nl trobcnzeiw

pent ach 1 oropheno I

phenanthrene

phenol

pyrene

COHBO PRECISION AS RPO .
Wl CL X S CPK

!

!

<20.6

> 1

PERCENT RECOVERY OF LAB CONTROL STANDARDS .
Ul Cl X S CPIT

•

I

\f

25-125

1.19-1837

-20.0-137

-11.8-16?

-72.1-25?

25-125 *

-25.3-1137

-42.4-K.f

K.9-K97

S3.1-1277

-20.1-16?

13.9-1267

25-125 *

33.0-1117

-36.1-186"

0.3S-27A7

9.80- US7

19.5-1927

-3.W-19I

A7.1-1277

-3.49-92.?

45.2-1227

-

> f ^

PERCENT RECOVERT OF MATRIX SPUES
9SX Cl 99X Cl « S

-

\ (

-

.

-S

—

^

—

f
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Table 6
QC Limits (cont'd)
Page Eight

DUALITY CONTROL TEST FILE
SCHIVOtMILE OB CAN ICS - CC/MS

WATER
PM: E27X AH: O10U

COMPOUND

2,4,6-tribromophenol <S)

Z-fluorobiphenyl (S)

2-fluorophenol (S)

ni trob«ozene-d5 (S)

p-terphenyl-dU (S)

frfienol-dS (S)

COMBO PRECISION AS RPO .
Ml CL X S CMC

NA

NA

NA

NA

NA

NA

^_

r

———— >
^

S

___.>

——— ->

———— >

PERCENT RECOVERY OF LAB CONTROL STANDARDS ,
Ul CL K S CPU

-

<

10-123

<3-11« '

21-100 *

35-1U *

33- HI 9

10-M *

-

( ^

-

r

-

, f

PERCENT RECOVERY OF MATRIX SPIKES
95X Cl 99% Cl X S

NA

NA

NA

NA

NA

NA

——— ->

——— >

}

... ->
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Table 6
QC Limits (cont'd)
Page Nine

QUALITY CONTROL TEST FILE
SEMI VOLATILE ORGAN ICS - CC/HS

SOIL
PM: £30* AM: O10SX

COMPOUND

1.2.4-trichlorotoeiuen*

1,2-dichloroberwene

1 , 3-di chlorobeniene

1,4-dicMorobefuene

2.4,5-trichtorophenol

2,4,6-trichlorophenol

2,4-dichlorophenol

2,4-dlmethylphenol

2,4-dinitrophenol

2,4-dinitrotoluene

2,6-dinitrotoluene

2- eh 1 oronaph th« I ene

2-cMorophenol

2-*ethyl-4,6-dinitroplieno(

2-methylnaphthilene

2-*ethylphenot

2-nltroani(ine

2-nitrophenol

3.3i-dicMorobenzidlne

JtWB8r:BUraSKttl58Re]

3-nitr<Mnitine

4-bronophenyl phcfiyl ether

COMBO

0139

OKI

0144

0146

OJ04

OJ06

OJ07

OJ08

OJ09

OJ10

OJ12

OJU

OJ15
OJ19

OJ21

OJJ2

OJ24

OJ25

OJ28

OJ30

OJ34

OJ36

PRECISION AS RPO
ui a x s CPK

114.6

-

-

i17.6

-

-

-

-

-

5.17.6

-

-

<11.9

-

•

-

•

-

-

-

S19.6

$40.6

S40.6

423.4

140.6

140.6

SW.6

440.6

1*0.6

iZJ.S

S40.6

140.6

i15.7

S40.6

i40.6

S40.6

S40.6

140.6

SA0.6

S40.6

S40.6

<40.6

4.60

-

-

5.83

•

-

-

-

-

5.87

-

-

4.31

-

-

-

-

-

-

-

•

4.99

•

-

5.87

-

-

-

-

-

5.87

•

-

3.81

-

-

-

-

-

-

-

-

-

-

-

•

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

PERCENT RECOVERY OF LAB CONTROL STANDARDS ,
Ml CL X S CPC

60.9-96.2

-

-

53.0-93.5

-

-

-

-

-

51.6-108

-

-

57.8-100

-

-

-

-

-

-

-

-

52.0-10S

21.3-1397

-20.0-19T

43.0-104

25-125 *

25.4-1S67

28.3- US7

21.7-1297

-95.2-22T

37.4-122

43.0- 1627

53.3- 1257

47.2-111

-52.6-20?

25-125 *

25-125 *

25-125 *

25-125 *

-55.6-27?.

8.98-1737

25-125 *

44.6- 1357

78.51

-

-

73.28

-

-

-

-

-

79.92

-

-

78.94

-

-

-

-

-

-

-

-

0.82

-

-

10.09

-

-

-

-

-

H.17

-

-

10.59

-

-

-

-

-

-

•

-

-

-

-

-

-

-

-

-

-

-

-

-

•

-

-

-

-

-

-

-

PERCENT RECOVERY OF MATRIX SPUES
9SZ Cl 99Z Cl X S

64.4-100

-

56.5-91.3

-

-

-

-

-

50.7-111

-

-

60.1-102

-

•

-

-

-

-

-

-

-

55.5-109

-

-

47.8-100

-

-

-

-

-

35.5-127

-

49.5-113

-

-

-

•

-

82.53

-

73.94^

' \

-

-

-

81.11

-

-

81.13

•

-

-

-

•

-

8.94

-

-

V70

-/

-

-

15.19

-

10.53

-

-

-

-

-
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Table 6
QC Limits (cont'd)
Page Ten

QUALIU CONTROL TEST FILE
SEMIVOIATILE ORCAM ICS - GC/MS

SOU
PH: E30X AM: O10SX

COMPOUND

4-chloro-3-methylphenol

4-chloroaniline

4-cfilorophenyl phenyl ether

4-nethyLphenol

•4-ni troani I in*

4-nitrophenol

N-ni troso-di-n-propylamine

N-nl trosodiphenylamine

acenaphthene

acenaphthyl ene

anthracene

benzol a ) anth racene

benzo(a)pyrene

benzo(g,h, i )perylene

benzo( k) f I uorant hene

benzole acid

benzyl alcohol

benzyl butyl phthalate

bli<2-chloroethoxy)*iethane

bl«(2-chloroethy( >ether

bU(2-cMoro<sopropyl)ether

bls(2-ethylhexyl )phthalate

COMBO

OJ37

OJ38

OJ39

OJ40

OJ41

OJ42

OJ47

OJ50

OK07

OK08

OIC13

OK17

OK18

OO9

OK21

OT22

OK23

OK24

OIC26

OIC27

0GB

(X29

PRECISION AS RPO .
WL CL X S CPK

<19.7

-

-

<32.4

ilS.O

<15.5

-

-

•

-

-

-

-

-

-

-

-

126.6

140.6

1*0.6
fto.b
SA0.6

<A3.8

420.0

140.6

<20.6

s«.f>

j40.fi

fitO.6

<40.6

j40.6

<40.fi

<40.6

<40.6

<40.6

<40.6

S40.6

l40.fi

i*0.6

5.96

-

-

-

9.64

5.03

-

5.23

-

-

-

-

-

-

-

-

-

-

•

-

-

6.87

•

-

-

11.37

4.99

-

S.12

-

-

-

-

-

-

-

-

-

•

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

•

PERCENT RECOVERY OF LAfl CONTROL STANDARDS ,
UL Cl X S CPIT

58.8-104

-

-

-

44.4-97.0

52.9-11J

-

55.4-106

-

-

-

-

-

-

-

-

-

-

-

-

-

47.6-115

25-125 *

10.5-1737

25-125 *

25-125 *

31.2-110

37.8-128

25-125 *

42.8-119

21.4-1587

17.2-1447

19.9- 15S7

-0.46-186"

-50.2-24?

-5. 47-17?

25-125 *

25-125 *

-40.7-16?

17.5-1967

-4.52-17?

22.0- 1797

-8.64-177.

81.39

-

-

70.67

82.88

80.75

-

-

-

-

-

-

-

-

-

-

-

-

11.28

•

-

-

-

13.15

15.01

-

12.65

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

PERCENT RECOVERT OF MATRIX SPIKES
95X Cl 99X Cl X S

60.7-107

-

-

38.5-113

54.0-114

-

64.0-106

-

-

-

-

-

•

-

-

-

-

49.0-119

-

-

19.8-132

38.9-129

-

53.6-116

-

-

-

-

-

-

-

-

-

-

-

84.07

-

-

75.79

84.21

-

84.96

-

•

-

-

-

-

-

-

-

-

-

-

11.69

•

-

-

18.66

15.09

•

10.47

-

-

-

-

-

-

-

-

-
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Table 6
QC Limits (confd)
Page Eleven

DUALITY CONTROL TEST FILE
SEMIVOLATILE ORGANICS - CC/MS

SOU
PH: E30X AH: O10ST.

COMPOUND

carbazole

dtrysene

dl-n-butyl phthalate

di-n-octyl phthalate

dibenz(a(h)anthracene

dibenzofuran

di ethyl phthatate

dimethyl phthatate

fluaranthene

fluorene

hexachlorobenxene

hexach I orofautadi ene

hexachlorocyclopentadiene

hexachloroethane

indeno(1,2,3-cd>pyrene

laophorone

naphthalene

nitrobenzene

pent achl orcpheno I

phenanthrene

phenol

pyrene

COMBO

0(30

OC33

OK34

OH36

OH38

009

OMO

OIC4S

OK46

OK47

OK48

OK49

OttO

OL05

OL06

0111

OL12

0118

0120

0121

0124

PRECISION AS RPO .
UL CL X S CPK

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

*25.8

-

£16.4

<20.1

sf.0.0

40.6

S40.6

140.6

*40.6

S40.6

$40.6

<40.6

S40.6

$40.6

<40.6

140.6

$40.6

$40.6

$40.6

$40.6

$40.6

<40.6

134.1

$40.6

£21.8

<26.8

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

9.01

•

5.53

6.83

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

8.37

-

5.41

6. 65

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

PERCENT RECOVERY OF LAS CONTROL STANDARDS ,
Ul CL X S CftT

-

-

•

-

-

-

-

-

-

-

-

•

-

•

•

-

•

36.4-12S

-

57.3-105

57.4-119

25-125

1.19-1837

-12.0-13?

-11.8-16?

-72-258 7

25-125 4

-25.3-113"

-42.4-84.?

14.9-1497

53.1-1277

-20.1-16?

13.9-1267

25-125 *

33.0-1117

-36.1-18^

0.35-2267

9.80-1457

19.5-1927

14.3-147

47.1-1277

45.3-117

42.0-134

-

-

-

-

-

-

-

-

-

-

-

-

-

80.63

-

81.22

88.10

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

22.11

-

11.96

15.36

-

-

-

-

-

-

-

-

-

-

-

-

•

-

-

PERCENT RECOVERY OF MATRIX SPUES
95X Cl 99X Cl X S

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

45.4-120

54.0-97.3

53.6-118

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

26.9-138

-

43.2-108

37.6-133

-

-

-

^»^

-

•

-

-

-

-

-

-

•

•

82.55

- '

75.63

85.55

-

-

-

-

•

-

-

-

-

-

18.55

•

10.82

15.98
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Table 6
QC Limits (cont'd)
Page Twelve

OUALITT CONTROL TEST FILE
SEMIVOLATILE ORGANICS - CC/HS

SOIL
PN: £30% AM: 010SX

COMPOUND

2,4,6-tribrorophenol (S)

2-fluorobiph«nyl (S)

2-fluorophenol (S)

ni trobenzene-dS (S)

p-t«rph«nyt-dU <S)

phenol-d5 (S)

COMBO

OJOS

OJ16

OJ17

OL13

OL16

OL22

PRECISION AS RPD .
UL CL X S CPK

NA

NA

HA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

PERCENT RECOVERY OF LAB CONTROL STANDARDS ,
U. CL X S CPK

36.8-99.7

55. 7-80.1

56. 0-109

59.0-79.5

45.5-98.8

55.7-88.7

21.1-115

«9.5-86.5

42.9-122

53.9-84.7

32.2-112

47.5-96.9

68.28

68.02

82.37

69.27

72.16

72.20

15.73

6.16

13.17

5.13

13.33

8.23

-

-

-

-

-

-

PERCENT RECOVERY OF MATRIX SPIKES
95X CI 99X Cl « S

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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TABLE 7

ORGANIC EXTRACTION LAB SAMPLE DESCRIPTION NOTES

#

1

2

3

4

5

6

7

B

9

10

11

12

13

14

15

16

17

18

19

50

51

52

56

57

58

59

60

61

CHARACTERISTICS

Color As Received
Milky white
Yellow
Orange
Pink
Brown
Black
Blue
Green

Red
Purpte
Grey

Turned with add of NaOH
Turned with add of HjSO«

Clear
Opaque
Odor As Received
Strong
Very strong
Phenol smell
Solvent smeB (paint)

pH (Continued)

Over 100 mL NaOH
Over 5 mL H1SO4

Over 10 mL HjSO«
Soil Consistency

Rocks

Very Moist
Sludge
Vegetation
Carbon
Ropes

#
20

21

22

23

31

32

33

34

35

36

37

41

42

43

46

47

48

49

62

63

64

65

66

67

71

72

73

CHARACTERISTICS

Oil smell

Sulfur smell

Vinegar smell

Rsh smell

Concentration

Very volatile, concentrated fast
Very foamy, concentrated slow

Bumps, splatters, boils sluggishly

Stopped concentrating before
appropriate volume
Particulate fallout

Phase separation
Nitrogen Slowdown req.

Emulsion

Slight-needed centrifugation

Moderate-needed centrifugation

Dense-centrifugation not good

PH

Basic

Acidic

Buffered

Over 5 mL NaOH

Wood

Very Fine Oust

Clay
Tar

Filtered slow

Viscous

TCLP

Routine

CLP

Filter
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FIGURE 2

Semivolatiles Assignment Sheet

O—« « W-Jut-W 1̂ >1~ ZMttS - 20*04 )

Oui 0«t«: - 0«t« »<t«f«d «nd init.:
I OTd fnlt.s

Imts OPffm Typ«: 0«IC tin Ml. lltucltn (.«•
«

- !!••:
iaiirt; CMS _____

•oak: _____-______
ript««m f/c imaoLBJi no / TOJ

LEAOI
Cl(«nt: • ' t7-JU.-re Mml («oO:
UK1TS: _______ HJUK IMVUE •: ____________ «U« «»TC» •: __________ >r»p »»d>: EZ90yBUE- *nl« »«th: O10UUUE-
OkSC 10: Hat »v»it«bU g>C: »et »v«<l«bl«

S8IIWLATIU fXTMCTMLES

ocncrioi
AIM.TTE LIMIT HSW.T

1,2-Oldll
1.2-OiplMn
1.S-eidit«
1>-0lchlo
Z.4.*-Tr<dilarap(Mnel

2,4-Oinitrotoluwit
Z.«-«in{trat«lu>n>

Z-Oll«raf*Mral
2-l1traf*«r
3.1' -«idil«
t.t-Olnltf.

Mmoi«)«ntlir team

Oi -«-butytptitk«t«t«
0<-n-*ctytf*itk*(«t*



Method No.: CRA/SN-BNA
Revision: 0
Effective Date: 04/13/94
Page: 58 of 59

FIGURE 2 (CONT'D)
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FIGURE 3
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ORGANOCHLORINE PESTICIDES/PCBs ANALYSIS
BY GAS CHROMATOGRAPHY

1.0 SCOPE AND APPLICATION

This method covers the determination of priority pollutant and US EPA CLP
Target Compound List (TCL) organic pesticides and polychlorinated biphenyls
(PCBs) in water and soil/sediment. Reporting limits are listed in Table 1 for
TCL and priority pollutant analyses and Table for residential well analyses.

2.0 SUMMARY OF METHOD

Water samples are prepared for analysis by liquid-liquid solvent extraction.
Procedures for continuous and separator/ funnel extractions are provided.
Soil/sediment samples are prepared for analysis by sonication. A low level
extraction using 30 grams of sample is used routinely. However, for samples
containing more than 20 mg/kg semivolatile and nonvolatile organics, a
medium level extraction procedure using 1 gram of sample is used.

Hexane extracts are analyzed by gas chromatography (GC) using an electron
capture detector (ECD). Quantitation is accomplished using a wide bore
capillary column (ID >0.32 mm). The presence of pesticides or PCBs is
confirmed by a second GC/ECD analysis on a fused-silica capillary column.

3.0 EXTRACTION PROCEDURES

3.1 SAMPLE PRESERVATION

3.1.1 Water Samples

Water samples are stored at 1 - 5 degrees C. Extraction must be
completed within 7 days of sampling. If sample pH is <5 or >9,
extraction must be completed within 72 hours of sampling.

Approvals:

Technical Operations bate Quality A^ui&hce Date Group Leader Dit^
Manager , Director
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3.1.2 Soil/Sediment Samples

Soil/sediment samples are stored at 1 - 5 degrees C. Extraction must
be completed within 14 days of sampling.

3.2 CONTINUOUS LIQUID-LIQUID EXTRACTION OF AQUEOUS SAMPLES

3.2.1 Set up the extraction equipment in an operating fume hood.

3.2.2 Close the extractor body stopcock.

3.2.3 Add approximately 300 mL of methylene chloride measured in a 500-
mL graduated cylinder to the extractor body. Add approximately 300
mL of methylene chloride and several boiling chips to a 1000-mL round-
bottom flask.

3.2.4 Shake the sample container to mix the contents thoroughly. Measure
1 liter of sample in a glass 1-liter graduated cylinder.

3.2.5 Transfer the 1 liter sample to the extractor body.

3.2.6 Use a glass volumetric pipet to spike the samples as follows. See Table
3 for spiking compounds/concentrations/volumes and Section 6.0 for
quality control frequency and corrective action requirements.

• Pipet the indicated volume of the surrogate standard spiking
solution into each sample in the extractor and mix well.

• Prepare a lab control standard (LCS) by spiking the indicated
volume of the LCS/matrix spiking solution into 1 liter of reagent
water with each batch of samples extracted.

• For samples selected for matrix spiking, add the indicated
volume of the matrix spiking standard and mix well.

3.2.7 Assemble the extraction equipment as follows:
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3.2.7.1 Insert the condenser into the top of the extractor body.

3.2.7.2 Maintain the extractor body in an upright position using a large
clamp attached to a ring stand or similar support.

3.2.7.3 Attach the round-bottom flask to the side-arm of the extractor
body.

3.2.7.4 Place the round-bottom flask in a heating mantle.

3.2.7.5 Use Teflon tape to seal all the joints.

3.2.8 Extract the sample as follows:

3.2.8.1 Open the extractor body stopcock.

3.2.8.2 Turn on the water supply to the condenser.

The water pressure should be sufficient to cycle the water in
the condenser, but should not force off any tubing connections
from the water supply to the condenser.

3.2.8.3 Turn on the heating mantle and adjust the temperature setting
to "7".

3.2.8.4 Extract the sample for 18-24 hours.

3.2.8.5 Check the extractor body/condenser periodically during the
extraction process for the following:

• A drip rate of approximately 1-2 drops/second from the
bottom of the condenser into the extractor body.

• Approximately 1/4 to 1/3 of the bottom of the condenser
should be wet from the extract if the distillation is
proceeding at the proper temperature.
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Adjust the heating mantle temperature setting as necessary
to achieve these conditions.

3.2.9 Turn off the power to the heating mantle when the extraction is
complete. Allow the flask to cool for approximately 1.5 hours before
removing it from the extractor body.

3.2.10 Prepare a drying column containing anhydrous sodium sulfate.
See Section 9.1.2 for instructions on column preparation. Set
up the drying column using a clamp attached to a ring stand.

Connect a 500-mL Kuderna-Danish (K-D) evaporation flask to
a 10-mL concentrator tube. Place the K-D apparatus beneath the
column to collect the extract.

3.2.11 Close the extractor body stopcock. Remove the flask containing
the solvent extract and carefully pour the extract through the
column. Collect the dried extract in the K-D apparatus. If the
sodium sulfate hardens at any point during the drying process:

3.2.11.1 Break up the hardened mass, if possible, with a pipet and
add 20-30 mL of elution solvent to the column to rinse it.

3.2.11.2 Start a new drying column, if necessary, to pass through
any remaining solvent extract.

3.2.11.3 Repeat these steps as necessary until all the solvent
fractions have been passed through drying columns into the
collection device.

3.2.12 Rinse the flask that contained the extract with 10 - 20 ml of
methylene chloride and add it to the drying column to complete
a quantitative transfer.

3.2.13 Concentrate the extract as follows:
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3.2.13.1 Add several clean boiling chips to the'flask and attach
a three-ball macro Snyder column. Prewet the Snyder
column by adding about 1 ml of solvent to the top of
the column with a Pasteur pipet.

3.2.13.2 Place the K-D apparatus on a hot water bath (80-90°C
or "HIGH" setting) so that the concentrator tube is
partially immersed in the hot water and the entire lower
rounded surface of the flask is bathed with hot vapor.

3.2.13.3 Adjust the vertical position of the equipment and the
water temperature as required to complete the
concentration in 10-20 min.

At the proper rate of distillation, the balls of the
column will actively chatter, but the chambers will not
flood.

3.2.13.4Check the remaining volume periodically. Allow the
extract to concentrate until the volume reaches the 1
mL mark on the concentrator tube.

Do not allow the concentrator tube to become dry. If
this occurs, repeat the extraction.

3.2.13.5 Remove the equipment from the water bath and allow
it to drain until the tube feels cooled to room
temperature by touch (approx. 10 minutes).

3.2.14 Momentarily remove the Snyder column, add 50 ml of hexane,
and reattach the Snyder column. Mix the extract by swirling.

3.2.15 Repeat step 3.2.13. Raise the temperature of the water bath,
if necessary, to maintain proper distillation.

3.2.16 Remove the Snyder column and rinse the flask and its lower
joints into the concentrator tube with 1 - 2 mL of hexane.
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3.2.17 Proceed to Section 3.5 for instructions on final concentration
of the extract.

3.3 SEPARATORY FUNNEL LIQUID-LIQUID EXTRACTION OF AQUEOUS SAMPLES

3.3.1 Set up the extraction equipment in an operating fume hood. Put the
separatory funnel, with the Teflon stopcock closed, into a large metal
ring attached to a ring stand.

3.3.2 Shake the sample container to mix the contents thoroughly. Measure
1 liter of sample in a glass graduated cylinder and transfer it quickly to
the separatory funnel. Stopper the funnel.

3.3.3 Use a glass volumetric pipet to spike the samples as follows. See Table
3 for spiking compounds/concentrations/volumes and Section 6.0 for
quality control frequency and corrective action requirements.

• Pipet the indicated volume of the surrogate standard spiking
solution into each sample in the funnel and mix well.

• Prepare a lab control standard (LCS) by spiking the indicated
volume of the LCS/matrix spiking solution into 1 liter of reagent
water with each batch of samples extracted.

• For samples selected for matrix spiking add the indicated volume
of the matrix spiking standard and mix well.

3.3.4 Add approximately 60 mL of methylene chloride measured in a 100-
ml_ graduated cylinder to the separatory funnel.

3.3.5 Seal the separatory funnel. Invert once and vent the funnel into the
hood by opening the stopcock. While the stopcock is still open, swirl
the contents of the flask to mix well.
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Note: Methylene chloride creates excessive pressure very rapidly;
therefore, initial venting should be done immediately after the
separatory funnel has been sealed and inverted once.

Close the stopcock. Shake the inverted funnel vigorously for 1-2 min.
with periodic venting through the stopcock to release excess pressure.

3.3.6 Replace the funnel in the ring stand. Allow the organic layer to separate
from the water phase for a minimum of 10 minutes.

If the emulsion interface between layers is more than one-third the size
of the solvent layer, use mechanical techniques to complete the phase
separation. The best technique depends upon the sample and may
include stirring, filtration of the emulsion through glass wool,
centrifugation, or other physical methods. Consult with the Group
Leader, if required, to determine the best method for optimum
separation. Document such measures in the extraction log.

3.3.7 Prepare a drying column containing anhydrous sodium sulfate. See
Section 9.1.2 for instructions on column preparation. Set up the drying
column near the separatory funnel using a clamp attached to the ring
stand.

Connect a 500-mL Kuderna-Danish (K-D) evaporation flask to a 10-mL
concentrator tube. Place the K-D apparatus beneath the column to
collect the extract.

3.3.8 Hold the separatory funnel over the drying column and open the
stopcock to remove the solvent fraction. Dry the extract by passing it
through the drying column. Collect the dried extract in the K-D
apparatus. If the sodium sulfate hardens at any point during the drying
process:

3.3.8.1 Break up the hardened mass, if possible, with a pipet and add
20-30 ml of elution solvent to the column to rinse it.
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3.3.8.2 Start a new drying column, if necessary, to pass through any
remaining solvent extract.

3.3.8.3 Repeat these steps as necessary until all the solvent fractions
have been passed through drying columns into the collection
device.

3.3.9 Repeat the solvent extraction two more times using fresh portions of
solvent (steps 3.3.4 through 3.3.8). Collect the three solvent extracts
in the same K-D apparatus.

Following the final extraction, add 20-30 ml of methylene chloride to
the column to complete the quantitative transfer.

3.3.10 Concentrate the extract as follows:

3.3.10.1 Add several clean boiling chips to the flask and attach
a three-ball macro Snyder column. Prewet the Snyder
column by adding about 1 ml of solvent to the top of
the column with a Pasteur pipet.

3.3.10.2 Place the K-D apparatus on a hot water bath (80-90°C
or "HIGH" setting) so that the concentrator tube is
partially immersed in the hot water and the entire lower
rounded surface of the flask is bathed with hot vapor.

3.3.10.3 Adjust the vertical position of the equipment and the
water temperature as required to complete the
concentration in 10-20 min.

At the proper rate of distillation, the balls of the
column will actively chatter, but the chambers will not
flood.

3.3.10.4Check the remaining volume periodically. Allow the
extract to concentrate until the volume reaches the 1
ml_ mark on the concentrator tube.



Method No.: CRA/SN-PEST
Revision: 0
Effective Date: 04/13/94
Page: 9 of 49

Do not allow the concentrator tube to become dry. If
this occurs, repeat the extraction.

3.3.10.5 Remove the equipment from the water bath and allow
it to drain until the tube feels cooled to room
temperature by touch (approx. 10 minutes).

3.3.11 Momentarily remove the Snyder column, add 50 mL of hexane,
and reattach the Syder column. Mix the extract by swirling.

3.3.12 Repeat step 3.2.10. Raise the temperature of the water bath,
if necessary, to maintain proper distillation.

3.3.13 Remove the Snyder column and rinse the flask and its lower
joints into the concentrator tube with 1 - 2 mL of hexane.

3.3.14 Proceed to Section 3.5 for instructions on final concentration
of the extract.

3.4 SONICATION EXTRACTION OF IN SOIL/SEDIMENT

3.4.1 Sample Preparation

Decant and discard any water layer. Discard foreign objects such as
sticks, vegetation, and rocks. Mix the sample thoroughly, especially
composited samples.

3.4.2 Low Level Soil Extraction and Initial Concentration

3.4.2.1 Tune the sonicator as described in Table 4 to check its
operation.

3.4.2.2 Aliquot the samples as follows. Perform these steps rapidly to
avoid loss of the more volatile extractables:

a. Place a 400-mL glass beaker on the weighing pan of a
balance and tare the balance.

b. Mix the sample thoroughly with a spatula and transfer
approximately 30 grams of sample to the beaker. Record
the weight to the nearest 0.01 gram.

c. Mix nonporous or wet samples {i.e., gummy or clay type
samples) that do not have a free-flowing and/or sandy
texture with anhydrous sodium sulfate to dry them as
follows:
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• Tare the balance holding the sample beaker.

• Add approximately 30 grams of anhydrous sodium
sulfate to the beaker. Record the weight to the nearest
0.01 gram.

• Mix thoroughly using a spatula. Check if the texture
appears free-flowing and/or sandy.

• Add additional anhydrous sodium sulfate in 30 gram
increments (approx.) as necessary until the sample
consistency is free-flowing and/or sandy.

• Record the total amount of sodium sulfate to the
nearest 0.01 gram.

3.4.2.3 Use a glass volumetric pipet to spike the samples as follows.
See Table 3 for spiking compounds/concentrations/volumes and
Section 6.0 for quality control frequency and corrective action
requirements.

• Pipet the indicated volume of surrogate standard spiking
solution onto each sample in the beaker.

• Prepare a lab control standard (LCS) by spiking the
indicated volume of the LCS/matrix spiking solution onto
30 grams of clean sand with each batch of samples
extracted.

• For samples selected for matrix spiking add the indicated
volume of the matrix spiking standard.

3.4.2.4 Immediately add approximately 100 mL of 1:1 (v:v) methylene
chloride:acetone measured in a glass graduated cylinder.

3.4.2.5 Sonicate the sample as follows:

a. Attach the %-inch disrupter horn {No. 207) to a heavy-
duty ring stand using a large vinyl-coated clamp. See
Section 9.1.7 for additional information on the equipment.

b. Place the tip of the disrupter horn about 1/2-inch below the
surface of the solvent but above the sediment layer.
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c. Sonicate for 3 minutes with the output control knob set at
8 to 10, the mode switch on "Pulse" and the percent-
duty cycle knob set at 20%.

• The solvent layer should be "churning" but not
overflowing the sides of the beaker.

• Do not touch the tip of the disrupter horn to the sides
or bottom of the beaker because damage to the horn
or beaker may occur.

3.4.2.6 Decant the extract through Whatman No. 41 filter paper lining
a glass funnel. Collect the extract in a 10-mL Kuderna-Danish
(K-D) concentrator tube attached to a 500-mL evaporation flask.

3.4.2.7 Repeat the sonication two more times with additional 100 rnL
portions of solvent. Decant and filter the solvent phase after
each sonication.

On the final filtration, transfer the entire sample into the funnel.
Rinse the beaker with approximately 20-30 ml_ of solvent to
complete the quantitative transfer.

3.4.2.8 Concentrate the extract as follows:

a. Add several clean boiling chips to the flask and attach a
three-ball macro Snyder column. Prewet the Snyder column
by adding about 1 mL of solvent to the top of the column
with a Pasteur pipet.

b. Place the K-D apparatus on a hot water bath (80-90°C or
"HIGH" setting) so that the concentrator tube is partially
immersed in the hot water and the entire lower rounded
surface of the flask is bathed with hot vapor.

c. Adjust the vertical position of the equipment and the water
temperature as required to complete the concentration in
10-20 min.

At the proper rate of distillation, the balls of the column will
actively chatter, but the chambers will not flood.

d. Check the remaining volume periodically. Allow the extract
to concentrate until the volume reaches the 1 ml mark on
the concentrator tube.
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Do not allow the concentrator tube to become dry. If this
occurs, repeat the extraction.

e. Remove the equipment from the water bath and allow it to
drain until the tube feels cooled to room temperature by
touch (approx. 10 minutes).

3.4.2.9 Momentarily remove the Snyder column, add 50 ml_ of hexane,
and reattach the Syder column. Mix the extract by swirling.

3.4.2.10 Repeat step 3.4.2.8. Raise the temperature of the water
bath, if necessary, to maintain proper distillation.

3.4.2.11 Remove the Snyder column and rinse the flask and its lower
joints into the concentrator tube with 1 - 2 ml_ of hexane.

3.4.2.12 Proceed to Section 3.5 for instructions on final
concentration of the extract.

3.4.3 Medium Level Soil Extraction and Initial Concentration

3.4.3.1 Tune the sonicator as described in Table 4 to check its
operation.

3.4.3.2 Aliquot the samples as follows. Perform these steps rapidly to
avoid loss of the more volatile extractables:

a. Place a 10-mL glass scintillation vial on the weighing pan
of a balance and tare the balance.

b. Mix the sample thoroughly with a spatula and transfer
approximately 1 gram of sample to the vial. Wipe the
mouth of the vial with a tissue to remove any sample
material. Record the weight to the nearest 0.01 gram.

c. Mix nonporous or wet samples (i.e., gummy or clay type
samples) that do not have a free-flowing and/or sandy
texture with anhydrous sodium sulfate to dry them as
follows:

• Tare the balance holding the sample vial.

• Add approximately 1 gram of anhydrous sodium sulfate
to the vial. Record the weight to the nearest 0.01
gram.
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• Mix thoroughly using a spatula. Check if the texture
appears free-flowing and/or sandy.

• Add additional anhydrous sodium sulfate in 1 gram
increments (approx.) as necessary until the sample
consistency is free-flowing and/or sandy.

• Record the total amount of sodium sulfate to the
nearest 0.01 gram.

3.4.3.3 Use a glass volumetric pipet to spike the samples as follows.
See Table 3 for spiking compounds/concentrations/volumes and
Section 6.0 for quality control frequency and corrective action
requirements.

• Pipet the indicated volume of surrogate standard spiking
solution onto each sample in the vial.

• Prepare a lab control standard (LCS) by spiking the
indicated volume of LCS/matrix spiking solution onto 1
gram of clean sand with each batch of samples extracted.

• For samples selected for matrix spiking add the indicated
volume of matrix spiking standard.

3.4.3.4 Immediately add enough 1:1 (v:v) methylene chloride:acetone
to bring the final volume to 10.0 ml including the surrogate
and/or matrix spike volumes.

3.4.3.5 Sonicate the sample as follows:

a. Attach the 1/8-inch microtip ultrasonic probe (No. 419) to
a heavy-duty ring stand using a large vinyl-coated clamp.
See Section 9.1.17 for additional information on the
equipment.

b. Place the tip of the probe below the surface of the solvent
but above the sediment layer.

c. Sonicate for approximately 3 minutes with the output
control knob set at 4 to 5, the mode switch on "Pulse" and
the percent-duty cycle knob set at 20%.

• The solvent layer should be "churning" but not
overflowing the sides of the vial.



Method No.: CRA/SN-PEST
Revision: 0
Effective Date: 04/13/94
Page: 14 of 49

• Do not touch the tip of the probe'to the sides or
bottom of the vial because damage to the horn or vial
may occur.

3.4.3.6 Filter the extract as follows:

a. Loosely pack a Pasteur pipet with a small plug of clean
glass wool. See Section 9.1.2 for detailed instructions
on pipet preparation.

b. Using a small clamp attached to a ring stand, support the
filtering pipet in an upright position over a 10 ml_ Kuderna-
Danish (K-D) concentrator tube.

c. Use a separate pipet to transfer the extract from the vial
to the filtration apparatus.

d. Collect the extract to the 5 ml mark of the concentrator
tube by gravity filtration through the glass wool.

3.4.3.7 Concentrate the extract as follows:

a. Add several clean boiling chips to the flask and attach a
three-ball macro Snyder column. Prewet the Snyder column
by adding about 1 ml_ of solvent to the top of the column
with a Pasteur pipet.

b. Place the K-D apparatus on a hot water bath (80-90°C or
"HIGH" setting) so that the concentrator tube is partially
immersed in the hot water and the entire lower rounded
surface of the flask is bathed with hot vapor.

c. Adjust the vertical position of the equipment and the water
temperature as required to complete the concentration in
10-20 min.

At the proper rate of distillation, the balls of the column will
actively chatter, but the chambers will not flood.

d. Check the remaining volume periodically. Allow the extract
to concentrate until the volume reaches the 1 ml_ mark on
the concentrator tube.

Do not allow the concentrator tube to become dry. If this
occurs, repeat the extraction.
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e. Remove the equipment from the water bath and allow it to
drain until the tube feels cooled to room temperature by
touch (approx. 10 minutes).

3.4.3.8 Momentarily remove the Snyder column, add 50 ml of hexane,
and reattach the Syder column. Mix the extract by swirling.

3.4.3.9 Repeat step 3.4.3.8. Raise the temperature of the water bath,
if necessary, to maintain proper distillation.

3.4.3.10 Remove the Snyder column and rinse the flask and its lower
joints into the concentrator tube with 1-2 mL of hexane.

3.4.3.11 Proceed to Section 3.5 for instructions on final
concentration of the extract.

3.5 FINAL EXTRACT CONCENTRATION

Note: Final concentration of the extract is completed by the micro Snyder
technique described below (step 3.6.1) or the nitrogen blowdown
technique (step 3.6.2).

3.5.1 Concentrate the extract as follows:

3.5.1.1 Add one or two clean boiling chips to the concentrator tube
and attach a two-ball micro Snyder column. Prewet the column
by adding 0.5 mL of solvent to the top of the column.

3.5.1.2 Place the K-D apparatus in a hot water bath so that the
concentrator tube is partially immersed in the hot water. Swirl
the tube in the water if necessary to begin the distillation
process.

3.5.1.3 Adjust the vertical position of the apparatus and the water
temperature as required to complete the concentration in 5-10
min.

At the proper rate of distillation, the balls of the column will
actively chatter, but the chambers will not flood.

3.5.1.4 When the apparent volume of liquid reaches approximately 0.5
mL, remove the K-D apparatus from the water bath. Allow it
to drain until the tube feels cooled to room temperature by
touch (approx. 10 minutes).

Do not allow the concentrator tube to become dry. If this
occurs, repeat the extraction.
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3.5.1.5 Remove the Snyder column. Adjust the final volume to 10.0
ml with hexane.

3.5.2 An alternate procedure to step 3.6.1 is the nitrogen blowdown
technique as described below:

3.5.2.1 Place the concentrator tube in the heating block set at 30-
35°C. Evaporate the solvent to 0.5-0.8 ml using a gentle
stream of clean, dry nitrogen gas dispensed through a Luer-
Lock blunt tip needle.

Do not allow the extract to become dry. If this occurs, repeat
the extraction.

Use a clean, dry Luer-Lock blunt tip needle for each sample.

3.5.2.2 Adjust the final volume to 10.0 ml with hexane.

3.5.3 Transfer the extract to a Teflon-sealed, screw-cap vial labeled with the
sample number, fraction, and extraction date.

4.0 GC ANALYSIS

4.1 EXTRACT PRESERVATION

Store extracts at 1 - 5 degrees C. Complete analysis within 40 days of
extraction.

4.2 PREPARATION OF STANDARDS

Stock standards are purchased commercially in sealed ampoules. Depending
on the concentration of the purchased solution, intermediate or working
standards are prepared in hexane chloride. Aliquots of stock solutions are
combined as necessary to prepare intermediate or working standards that
contain the analytes of interest. Prepare standard solutions as follows.

4.2.1 Check the expiration date on any stock or intermediate standard to be
diluted. Discard material exceeding the expiration date according to
waste management procedures.

4.2.2 Determine the appropriate volume of standard material to add to the
flask to obtain the desired final concentration as follows:

V = (DC/SO x FV

where V = volume of standard material to be added
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DC = desired concentration
SC = standard material concentration
FV = final volume

4.2.3 Fill a volumetric flask just to the neck with dilution solvent.

4.2.4 Using a syringe, quickly transfer the appropriate amount of standard
to the flask to obtain the desired concentration in /vg/mL. Use a syringe
to add the liquid material directly to the solvent without contacting the
neck of the flask. Immerse the needle tip below the surface of the
solvent before expelling the solution to reduce evaporation of the
standard material.

4.2.5 Add dilution solvent until the bottom of the meniscus reaches the
volume mark of the flask using a disposable pipet. Place the tip of the
pipet close to the volume mark without immersing it in the dilution
solvent. Avoid wetting the neck of the flask above the volume mark.

4.2.6 Stopper the flask and invert three times to mix thoroughly.

4.2.7 Transfer aliquots of intermediate standard solutions to 2-mL vials
without headspace using a Pasteur pipet. Label bottles or vials
containing standard solutions with the following information:

• Solution name and concentration - use sufficient detail in the
description to identify it from other solutions.

• Identification number.

• Date prepared and preparer.

• Expiration date.

4.2.8 Store volatile and semivolatile standard solutions in separate refrigerated
storage areas to prevent cross-contamination of standard materials
and/or solvents. Store standard solutions in Teflon-sealed containers at
:< 4° C.

Mark the meniscus level on any container where headspace in the vial
is apparent.

4.2.9 Visually check standard stock solutions prior to use for evidence of
degradation or evaporation. Replace the solutions every six months, or
sooner if degradation or evaporation occurs or if comparison with quality
control check samples indicate a problem.

4.3 ANALYSIS SEQUENCE
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4.3.1 GC Operating Conditions

Set the GC operating conditions as shown in Table 5 and allow the
system to stabilize.

4.3.2 Solvent Blank

Run a hexane blank. The baseline must be flat, with no peaks at or
above the reporting limit of target analytes prior to proceeding with
analysis.

4.3.3 Breakdown Check

Run a breakdown check before each initial or continuing calibration. The
breakdown check consists of 0.01 jjg/mL of 4,4'-DDT and 0.02 jt/g/mL
of Endrin in hexane.

4.3.3.1 Calculate the percent breakdown (%B) of Endrin and DDT as
follows:

%BEndrin = peak area (aldehyde + ketone) x 100
peak area (Endrin + aldehyde + ketone)

%BDDT = peak area (DDE + ODD) x 100
peak area (DDT + DDE + ODD)

4.3.3.2 Meet the following criteria for the breakdown check before
proceeding with analysis:

• %BDDT <_20%

• %BDOT + %BEndrin ^

4.3.3.3 If the criteria are not met, take corrective action as follows:

• Packed column - replace the dimister trap if off-column
injection is used and/or change the glass wool in front of
the column. Remove the first few mm of packing material
if any discoloration is noted. Swab out the inside walls of
the column if residue is observed. If this does not eliminate
the problem, repack the column.

• Capillary column - clean and deactivate the glass injection
port insert or replace it with a clean, deactivated insert.
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Break off the first few inches to one foot of injecting port
side of column. Flush column with solvent according to the
manufacturer's instructions. If this does not eliminate the
problem, replace the column.

• Silynize the injection port.

4.3.4 Initial Calibration

Run an initial calibration prior to sample analysis and whenever
continuing calibration criteria are not met. An initial calibration consists
of the solvent blank, each single response target compound run at 5
concentration levels (see Table 6), and each multiresponse target
compound run at a midpoint concentration.

Determine the correlation coefficient (r) of the solvent blank and 5
standard concentrations calibration. If r _>_0.995, quantitate from the
best-fit line. If r < 0.995, quantitate from the best-fit second order
equation.

For single response pesticides, the linear range is defined as the
concentration of the highest standard. Concentrations above this must
be diluted into the linear range.

For multi-response compounds, the linear range is defined as two times
the response of the mid-point calibration standard. Concentrations
above this must be diluted into the linear range.

At the conclusion of a successful initial calibration, the 24-hour analysis
sequence begins.

4.3.5 Continuing Calibration

Run a mid-point continuing calibration standard after 24 hours of sample
analysis following completion of the initial calibration or the most recent
continuing calibration, or at the start of a set of analyses.

Run standards for all target analytes in every run. If the samples are
split between 2 or more instruments, analyze the complete set of
standards on each instrument.

Acceptance limits for recovery are 85-115% for all target analytes. If
acceptance limits are not obtained, evaluate the system for problems
and run a new initial calibration.

4.3.6 Sample Analysis
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Evaluate each injection for the following:

4.3.6.1 Evaluate the retention time shift of each surrogate. The shift
must not exceed 2% for packed columns, 1.5% for wide bore
capillary columns (I.D. >0.32 mm) or 0.3% for narrow bore
capillary columns (I.D. _<_0.32 mm).

Calculate retention time shift (RTS) as follows:

% D^ = RT, - RTt x 100
RT,

where:

absolute retention time in the midpoint initial
calibration standard or the continuing
calibration standard, whichever was run at the
start of the 24-hour sequence.

RT. = absolute retention time in the sample.

4.3.6.2 Identify target analytes when the retention time of a peak falls
within the retention time window of a standard analyzed within
the same run. The daily retention time window uses the
absolute retention time from the midpoint initial calibration or
continuing calibration standard as the midpoint, and the
retention time window as the range.

The identification of pesticide/PCB compounds may be confirmed
by analysis on a second column at client request.

4.3.6.3 Determine if any target pesticide/PCB compounds are present
at reportable quantities in the chromatograms using the
following criteria:

• Report compounds as less than the reporting limit when
the concentration is less than the reporting limits listed in
Table 1 for TCL and priority pollutant analyses and Table
2 for residential well analyses.

• If the response for any of these compounds is at or above
the reporting limit and within linear range (i.e., less than
the highest initial calibration standard for single response
compounds or less than 2 times the area of the initial
calibration standard for multi-response compounds),
quantitate these compounds from the run (see Section 4.5
below).
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• If the response for any compound is outside the linear
range, dilute the extract so that the peak will be:

- between 25-100% of the highest calibration standard
for single response compounds, and

- between 50-200% of the one-point calibration for
multi-response standards.

Use this dilution for quantitation of these compounds.

Note: If a dilution is required for analysis of a matrix
spike, the unspiked sample and the duplicate
spike must also be analyzed at the same
dilution.

4.3.6.4 When a dilution of >10 fold is required, also inject an aliquot
of a dilution 10 fold more concentrated to determine if other
compounds of interest are present at lower concentrations.

Computer reproductions of chromatograms, manipulated to
ensure all peaks are on scale over a 100 fold range, are an
accepted substitute. However, this can be no greater than a
100 fold range to prevent retention time shifts by column or
detector overload. Linearity must be demonstrated over the 100
fold range using higher concentrations of the evaluation mixture.

4.4 GC CONFIRMATION

4.4.1 Perform GC confirmation analysis for those compounds tentatively
identified on the primary column only.

4.4.2 Select a column for confirmation which will provide _<_25% resolution
between peaks, which were identified by primary analysis.

4.4.3 Adhere to all QC measures specified for primary analysis in Section 6.0.

4.4.4 Use the same dilution for confirmation as was used for primary analysis.

4.4.5 Report a compound as confirmed if the retention time falls within the
retention time window of a corresponding standard chromatographed
within the analysis period.

4.5 QUANTITATION
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4.5.1 Perform quantitation on either the primary or confirmatory column
chromatogram if confirmation was performed. Use the best-fit line from
the initial calibration if an initial calibration was run immediately before
the samples. Otherwise, quantitate from the response factor
(area/cone.) of the continuing calibration standard.

4.5.2 Calculate the concentration of target compounds and the surrogate
using the following equations.

For multiresponse compounds (chlordane, toxaphene and PCBs),
quantitate every identifiable peak (>50% of the total area must be
used) unless interference with individual peaks persist after cleanup.
Add peak height or peak area of each identified peak in the
chromatogram. Calculate as total response in the sample versus total
response in the standard.

4.5.2.1 Quantitation from Initial Calibration

Water: jjg/L = A;[ - b x V^ x DFV
m V. DIV

Soil: //g/kg = A,c - b x V0 x 1000 q x DFV
m W. kg DIV

4.5.2.2 Quantitation from Continuing Calibration

Water: //g/L = Ax x C^_ x V^ x DFV
A6 Vs DIV

Soil: //g/kg = Ax x C_ x V0 x 1000 a x DFV
A. W. kg DIV

where:

Ax = Response for the parameter to be measured
A, = Response for the external standard
V. = Volume of total extract (ml_)
W, = Weight of sample extracted (g)
V, = Volume of water extracted (L)

C, = Concentration of the calibration standard
b = y-intercept of best-fit line
m = Slope of best-fit line
DIV = Dilution initial volume (1 if no dilution)
DFV= Dilution final volume (1 if no dilution)

Note: Because weathering and/or different formulations of
chlordane usually modify the pattern exhibited by
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technical chlordane, this method is not appropriate for
determining technical chlordane. Instead, standards for
alpha chlordane and gamma chlordane are used for
quantitation, and each isomer of chlordane is reported
separately.

4.5.3 Report results in fjg/L or jt/g/kg without correction for recovery data.
When duplicate and spiked samples are analyzed, report all data
obtained with the sample results.

5.0 DATA COLLECTION

5.1 EXTRACTION

Document the following in a bound lab notebook for each set of extractions
performed. Entries must be made at the time of extraction and concentration.
An example logbook entry is shown in Figure 1 and briefly described below:

• preparation method code (root code) and brief description (e.g., LLW
PPCBs).

• date and time extraction started and completed, and analyst(s)
signature(s).

• date and time concentration started and completed, and analyst(s)
signature(s).

• method of final concentration (water bath or nitrogen blowdown
technique).

• lab sample number, sample aliquot, and descriptive codes (see Table
7) for each sample. Identify any lab quality control samples (method
blanks, MS/MSDs, LCSs).

• spikes added, to include the spiking solution identification number and
the volume of spike added.

Forward the following to data management from each set of extractions for
data package preparation:

• description of problems encountered and actions taken during sample
analysis on corrective action records.

• logbook page(s).

5.2 ANALYSIS
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Document all data in a bound lab notebook for each set of analyses performed.
Entries must be made at the time of analysis. Examples of appropriate forms
for data collection (i.e., assignment sheets and injection log) are shown on
Figures 2 and 3.

Data collection should include the following:

• brief description of the test (e.g., PPCB).

• date analysis started and analyst(s) signature(s).

• lab sample number and aliquot, and data system filename. Identify any
lab quality control samples (method blanks, MS/MSDs, LCSs).

• spikes added, to include the spiking solution identification number and
the volume of spike added.

Forward the following to data management from run for data package
preparation:

• description of problems encountered and actions taken during sample
analysis on corrective action records.

• initial and continuing calibration files.

• sample and associated quality control sample files (method blank, lab
control standard, MS/MSD).

• Chromatograms and quantitation reports for samples and associated
quality control samples.

• logbook page(s) and assignment sheets.

6.0 QUALITY CONTROL

6.1 SOLVENT PRESCREEN

Prescreen each lot of solvent prior to use as described in NUS Laboratory
Procedure AP-001, Reagent Screening Program. Use only approved lots of
solvent in sample extraction.

6.2 RETENTION TIME WINDOWS

Calculate retention time windows for each target pesticide/PCB for each
column type.
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Establish a new retention time window (RTW) whenever a "new type of GC
column is installed or operating conditions are modified.

Use the following guidelines in establishing RTWs:

6.2.1 The GC operating conditions must be adjusted such that 4,4'-DDT has
a retention time _>.12 minutes on packed GC columns.

6.2.2 Three injections of all single component mixtures and multiresponse
pesticide/PCB must be made over a 72-hour period.

6.2.3 The retention time shift as % difference for the surrogates in each
standard must be:

• < 2% for packed columns
• <0.3% for capillary columns (I.D. <0.32 mm)
• <1.5% for wide bore capillary columns (I.D. >0.32 mm)

6.3 COLUMN EVALUATION

Analyze the breakdown check at the beginning of each analysis sequence.
The percent breakdown (%B) of 4,4'-DDT and endrin must be <20% each,
and the combined breakdown _<.30%. If %B criteria is exceeded, take
corrective measures before analysis proceeds.

6.4 INITIAL AND CONTINUING CALIBRATION

Analyze all single response compounds at 5 concentration levels and evaluate
linearity as described in Section 4.3.4. Analyze all multi-response compounds
at a mid-level concentration.

After 24 hours of sample analysis and at the start of a new set of analyses,
run a mid-point continuing calibration standard. For all single response target
analytes, the standard must recover within 15% when compared to the initial
calibration.

6.5 METHOD BLANKS

Method blanks must be prepared and analyzed with each batch of up to
twenty samples of similar concentration and matrix extracted together.

Analyze and evaluate the method blanks as described in Section 4.3.6
concurrently with the samples from the batch. Each blank must meet the
following additional criteria:

• The method blank must contain less than the reporting limit of all
target compounds.
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• The surrogate spike recoveries of the method blank must be within the
limits listed on Table 8. If they are not, take corrective measures before
sample analysis proceeds, which may include verification of the spiking
solution.

6.6 LAB CONTROL STANDARD (LCS)

An LCS must be prepared and analyzed with each batch of up to twenty
samples of similar concentration and matrix extracted together.

Analyze and evaluate an LCS as described in Section 4.3.6 concurrently with
the samples from the batch. Each LCS must meet the following criteria:
recovery of at least 13 of the 14 LCS compounds the surrogate standard
compounds must meet the must meet the limits listed in Table 8. If the
recovery of 2 or more LCS compounds is unacceptable, troubleshoot the GC
system, extraction, and/or standards. Re-extract the associated samples.

6.7 SURROGATE STANDARDS

Calculate the tetrachloro-m-xylene and decachlorophenyl spike recovery of
each standard sample, blank, matrix spike, and matrix spike duplicate to
monitor both sample preparation and analysis.

Re-extract samples with surrogate recoveries outside the control limits listed
on Table 8. If surrogate spike recoveries comply after re-extraction then report
the re-extraction results. Assume matrix interference if surrogate spike
recovery limits remain out of conformance with QC test file limits after re-
extraction. Report the original extract results with a qualification.

Calculate the retention time shift for decachlorophenyl and tetrachloro-m-
xylene in all samples, standards, blanks, and MS/MSDs. The shift may not
exceed the following:

• <2% on packed GC columns
• <0.3% on capillary columns
• < 1.5% on wide bore capillary columns

6.8 MATRIX SPIKE/MATRIX SPIKE DUPLICATE (MS/MSD)

An MS/MSD must be prepared and analyzed with every twenty project
samples of similar matrix and concentration.

When a sample requiring dilution has been chosen as the MS/MSD, the
MS/MSD must be analyzed at the same dilution as the unspiked sample.
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Calculate percent recovery as follows:

Percent Recovery = SSR - SR x 100
SA

where SSR = Spiked Sample Result
SR = Sample Result
SA = Spike Added

Calculate the relative % difference (RPD) as follows:

RPD = _2iD,̂ _p_2L x 100
(D, + D2)

where D, = MS Result
D2 = MSD Result

Advisory MS/MSD percent recovery and RPD limits are listed on Table 8. Since
these limits are for advisory purposes only, they should not be used to
determine if sample reanalysis is required.

6.9 METHOD DETECTION LIMIT (MDL) STUDIES

A method detection limit study is performed for water analysis annually
according to the procedure in 40 CFR 136, Appendix B. The statistically-
based MDLs obtained from the study must be less than or equal to the
reporting limits for the method.

6.10 CONTROL LIMITS

The statistically-based limits for precision and accuracy listed in Table 8 are
updated periodically and, therefore, are subject to change.

7.0 INTERFERENCES

7.1 Solvents, reagents, glassware, and other sample processing hardware may be
sources of contamination and/or interferences to sample analysis. All these
materials must be demonstrated to be free from interferences under the
conditions of the analysis by analyzing method blanks. Use of specific
"pesticide" grades of reagents is required.

7.2 Interferences coextracted from the sample matrix will vary considerably from
sample to sample. If analysis of an extracted sample is prevented due to
interferences, further cleanup of the sample extract may be necessary. Refer
to cleanup procedures.
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7.3 Soap residue on glassware may cause degradation of certain analytes.
Specifically, aldrin, heptachlor, and most organophosphorous pesticides will
degrade in this situation. This problem is especially pronounced with
glassware that may be difficult to rinse. These items should be hand-rinsed
very carefully to avoid this problem.

8.0 SAFETY PRECAUTIONS

8.1 Wear a lab coat and safety glasses with side shields at all times while
performing this procedure. Wear gloves to avoid skin contact with acids,
bases, organic solvents and possible toxicants used as reagents or contained
in the samples for analysis.

8.1.1 Should skin or eye contact occur, flush the exposed area(s) with large
amounts of water and seek immediate medical attention.

8.1.2 Never pipet materials by mouth. Use a rubber bulb or other approved
suction device to transfer materials by pipet.

8.2 Handle and store all reagents in accordance with the precautions listed on the
material safety data sheets (MSDS).

8.2.1 Consult the MSDS for each reagent listed in this procedure before use.
The MSDS will provide pertinent information on toxicity, safety
precautions and storage conditions.

8.2.2 Always consult the label on the reagent bottle for up-to-date information
on safety precautions during handling, preferred storage conditions and
expiration data.

8.2.3 Label all flasks, vials, etc., with the intended contents prior to filling.
Follow established laboratory procedure in completing and affixing
labeling information to equipment.

8.3 Avoid breathing solvent and standard solution vapors. If overexposure to
vapors should occur, seek fresh air and immediate medical attention.

8.4 Handle all glass equipment with care, particularly during assembly and
disassembly.

8.5 Vent each GC to the outside or through activated carbon.

9.0 APPARATUS AND MATERIALS

9.1 EXTRACTION
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9.1.1 Continuous liquid-liquid extractor: Equipped with Teflon or glass
connecting joints and stopcocks requiring no lubrication (Corning "One-
Step", or equivalent).

9.1.2 Drying column: 20-mm I.D. Pyrex chromatographic column. If so
equipped, the stopcock material should be Teflon. Use columns without
frits.

Transfer a small pad of Pyrex glass wool to the bottom of the column
by tamping with a glass stirring rod or pipet. The glass wool retains the
adsorbent in the column.

Pack the column with approximately 10 cm (about 3 inches) of
anhydrous sodium sulfate. Put a funnel into the top of the column and
pour the sodium sulfate into the column to the correct height.

Support the column in an upright position by means of a clamp attached
to a metal ring stand. Prewash the column with approximately 50 mL
methylene chloride followed by approximately 50 ml of the elution
solvent if different from methylene chloride.

9.1.3 Kuderna-Danish (K-D) apparatus:

9.1.3.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025
or equivalent). Use a ground-glass stopper to prevent
evaporation of the extract.

9.1.3.2 Evaporation flask: 500-mL (Kontes K-570001-500 or
equivalent). Attach to concentrator tube with springs, claps or
safe-T joint.

9.1.3.3 Snyder column: Three-ball macro (Kontes K-503000-0121 or
equivalent).

9.1.3.4 Snyder column: Two-ball micro (Kontes K-569001-0219 or
equivalent).

9.1.4 Nitrogen blowdown module: Module (Reacti-therm from Pierce Chemical
Company, Rockford, Illinois or equivalent) equipped with Luer-Lock blunt
tip needles and a source of N2 gas passed through an activated carbon
column (Supelpure HC 2-2445 or equivalent). The module should
accommodate aluminum blocks or a water bath to hold the concentrator
tubes.

9.1.5 Boiling chips: Solvent extracted, approximately 10/40 mesh (silicon
carbide or Teflon or equivalent).
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9.1.6 Water bath: Heated, with concentric ring cover, capable of temperature
control (±5°C). The bath must be used in a hood.

9.1.7 Vials: Glass, 2-mL capacity, with Teflon-lined screw cap. Amber vials
are preferred.

9.1.8 pH indicator paper: pH range including the desired extraction pH.

9.1.9 Heating mantle: Rheostat controlled. Alternatively, a hot plate may be
used as a heating unit.

9.1.10 Syringe: 5-mL, or other suitable equipment to deliver small
volumes of solvent for rinsing such as Pasteur pipets.

9.1.11 Graduated cylinder: 1-liter, 500-mL and 100-mL glass cylinders.

9.1.12 Plastic tubing: New plastic tubing must have the internal walls
rinsed several times with hexane before use with the Reacti-
therm heating module.

9.1..13 Erlenmever flask: 250-mL

9.1.14 Glass equipment supports: Ring stand or similar support with
a clamp attached to support either the extractor body or the
drying column.

9.1.15 Separatorv funnel: 2-liter glass funnel with stopcock and
stopper of Teflon.

9.1.16 Glass equipment supports: Ring stand with large metal ring
attached to support the glass separatory funnel and a clamp
attached to support the drying column in an upright position.

9.1.17 Sonicator and associated equipment:

9.1.17.1 Sonicator: Ultrasonic Cell Disrupter - horn-type
sonicator with a minimum power wattage of 375 and
pulsing capability (Heat Systems - Ultrasonics, Inc.,
Model W-385 [475 Watts] or equivalent). See Table
2 for daily tuning instructions.

9.1.17.2 Sonicator Titanium Tips: Tapped disrupter horns - 1/2-
inch (No. 200) and %-inch (No. 207) (Heat Systems -
Ultrasonics, Inc. or equivalent).
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9.1.17.3Sonicator Titanium Tips: Standard tapered 1/8-inch
microtip ultrasonic probe (Heat Systems - Ultrasonics,
Inc. or equivalent).

9.1.17.4Sonabox: Optional damper box to contain sonicator
during operation. (Heat Systems - Ultrasonics, Inc.,
Model 4326 or equivalent).

9.1.17.5 Sonicator horn support equipment: Vinyl-coated clamp
attached to heavy-duty ring stand. Secure the clamp
on the chrome housing of the sonicator converter only.
The movement of the horn will be restricted if the
clamp is placed on the driver or the horn sections. The
converter may also be hand-held during use.

9.1.18 Balance: Top-loading, capable of weighing to 0.01 g.

9.1.19 Glass scintillation vials: At least 10-mL with Teflon-lined screw-
cap.

9.1.20 Spatula: Stainless steel or Teflon.

9.1.21 Beakers: 400-mL.

9.1.22 Filtration apparatus:

9.1.22.1 Glass funnel: 80-mm or of sufficient size to contain
filter paper.

9.1.22.2 Filter paper: Whatman No. 41 or equivalent.

9.2 ANALYSIS

9.2.1 Packed GC Column: 100/200 mesh Supelcoport coated with 1.5%
SP2250/1.95% SP2401.

9.2.2 Wide bore capillary column: DB-608 (ID >0.32 mm) 30 ml_ x 0.53 mm
ID, 0.03 fjm film thickness.

9.2.3 Fused-Silica Capillary GC Column: RTX-1701, 30 ml_ x 0.53 mm ID,
0.50 fjm film thickness (Restek).

9.2.4 Gas Chromatoaraphs. Data Systems, and Recorders.

9.2.5 Balance: Analytical, capable of weighing to 0.0001 g.
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9.2.6 Syringes.

10.0 REAGENTS

10.1 EXTRACTION

10.1.1 Reagent water: Deionized water passed through an activated
carbon column.

10.1.2 Sodium hydroxide solution, 10 N: Dissolve 40 g ACS grade
NaOH in reagent water. Dilute to 100 mL with reagent water.

10.1.3 Sodium sulfate: ACS grade granular, anhydrous. Purify by
heating at 400°C for at least 4 hr in a shallow tray.

10.1.4 Sulfuric acid (H,SO.,) solution (1:1): Slowly and with caution,
add 50 mL of reagent grade H2SO4 (sp. gr. 1.84) to 50 ml of
reagent water.

10.1.5 Extraction/exchange solvents: Methylene chloride, hexane,
cyclohexane, acetonitrile. (See LSG Procedure AP-001, Reagent
Screening, for grades and pre-screening procedure.)

10.1.6 Nitrogen (NJ gas: Zero grade gas dried by filtering through a
column of activated carbon.

10.1.7 Stock standards: Materials prepared from pure standard
materials or purchased as certified solutions. Base/neutral and
acid stock standards are prepared in methylene chloride.

Store stock standard solutions in Teflon-lined screw cap, glass
containers at 4°C. Replace these solutions after six months or
sooner if comparison with quality control check samples indicate
a problem.

The spiking solution concentrations listed in Table 4 are
approximate. However, the exact concentration of each spiking
solution must be accurately known.

10.1.8 Clean sand: Reagent grade sand (e.g., Ottawa sand or sea
sand) muffled at 400°C for 4 hours (minimum).

10.2 ANALYSIS

10.2.1 Reagent water: Deionized water passed through an activated
carbon column.
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10.2.2 Solvents: Acetone, benzene, hexane and methanol of pesticide
quality or equivalent.

10.2.3 Stock Standard Solutions: Prepare from pure standard material
or purchase commercially. Prepare stock standard solutions in
toluene.

Target Pesticide/PCB Stock Standard Solutions, 5000 //g/mL -
Purchase commercially or prepare by dissolving 0.050 g of pure

material in 10.0 mL hexane.

10.2.4 Surrogate. Internal and Matrix Spiking Standard Solutions:
Prepare the indicated solutions as follows:

10.2.4.1 Pesticide/PCB Surrogate Spiking Solutions - Prepare a
50 //g/mL tetrachloro-m-xylene and decachlorophenyl
stock solution in acetone. The concentration for each
surrogate in all standard solutions is 0.05 //g/mL.

10.2.4.2 Pesticide/PCB Matrix Spiking Solutions - Prepare the
following solutions in methanol at the indicated
concentrations.

• Prepare a LLW matrix spiking solution in
methanol containing the following compounds
at the indicated concentrations. (1 ml is
added to samples at the start of extraction.
Extract final volume is 10 mL.)

0.2 //g/mL Aldrin
0.2 //g/mL Endrin
0.4 //g/mL 4,4'-DDT
0.1 //g/mL a-BHC
0.2 //g/mL b-BHC
0.2 //g/L d-BHC
0.4 //g/L 4.4'-DDD
0.2 //g/L 4.4'-DDE
0.2 //g/L Endosulfan I
0.25 //g/L Methoxychlor
0.2 //g/L Heptachlor Epoxide
0.4 //g/L Endoosulfan Sulfate
5//g/L PCB-1242
5//g/L PCB-1260

• Prepare a LLS/MLS Matrix Spiking Solution in
methanol containing the following compounds
at the indicated concentrations. (50 //L is



Method No.: CRA/SN-PEST
Revision: 0
Effective Date: 04/13/94
Page: 34 of 49

added per 30 g of sample (LLS) or 50 jjL is
added per 1 g of sample (MLS) at the start of
extraction. Extract final volume is 10 mL.)

4 //g/mL Aldrin
4 //g/mL Endrin
8 //g/mL 4,4'-DDT
2 //g/mL a-BHC
4 //g/mL b-BHC
4 //g/L d-BHC
8 //g/L 4.4'-DDD
4 //g/L 4.4'-DDE
4 //g/L Endosulfan I
4 //g/L Methoxychlor
4 //g/L Heptachlor Epoxide
8 //g/L Endoosulfan Sulfate
5//g/L PCB-1242
5//g/L PCB-1260

10.2.5 Pesticide Breakdown Check: Prepare a solution containing the
following compounds in hexane.

Compound //g/mL

Endrin 0.01
DOT 0.02

10.2.6 Pesticide Primary/Confirmation Analysis Standards:

10.2.6.1 For the primary analysis and for the confirmation
analysis use the standard concentrations listed on Table
6. These compounds may be combined into one mixed
standard, Individual AB.

10.2.6.2Alpha-Chlordane, gamma-Chlordane, and DBC are
mixed into a separate standard. The concentrations
for alpha-Chlordane and gamma-Chlordane are 0.02
mg/mL for each. The standard also contains 0.05
//g/mL decachlorophenyl and tetra-m-xylene.

10.2.7 PCB Primary/Confirmation Analysis Standard: The
concentrations of the multi-response compounds are listed below
for the primary and confirmation analyses.

Compound Concentration (ug/mL)

Toxaphene 0.50
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Aroclor - 1016 0.50
Aroclor- 1221 0.50
Aroclor- 1232 0.50
Aroclor- 1242 0.50
Aroclor- 1248 0.50
Aroclor- 1254 0.50
Aroclor - 1260 0.50

10.2.8 Toxaohene Standard Solutions: Prepare 0.5, 1.0 and 2.0//g/mL
toxaphene solutions, each containing 1.0 //g/mL
decachlorophenyl and tetra-m-xylene, in hexane.

11.0 REFERENCES

11.1 U.S. EPA SW-846, "Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods," Volume IB, 1986; Methods 3500, 3510, 3520,
3550, and 8080.

11.2 40 CFR Part 136, "Guidelines Establishing Test Procedures for the Analysis
of Pollutants Under the Clean Water Act; Final Rule and Interim Final Rule and
Proposed Rule," October 26, 1984, Method 608.

11.3 U.S. EPA Contract Laboratory Program, "Statement of Work for Organic
Analysis, Multi-Media, Multi-Concentration", OLM01.8
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TABLE 1

PESTICIDE/PCB REPORTING LIMITS FOR TCL AND PRIORITY POLLUTANT ANALYSES

Compound LLW itialL) - LLS1 iua/ka)

alpha-BHC 0.05 8
beta-BHC 0.05 8
delta-BHC 0.05 8
gamma-BHC (Lindane) 0.05 8
Heptachlor 0.05 8
Aldrin 0.05 8
Heptachlor Epoxide 0.05 8
Endosulfan I 0.05 8
Dieldrin 0.1 16
4,4'-DDE 0.1 16
Endrin 0.1 16
Endosulfan II 0.1 16
4,4'-DDD 0.1 16
Endosulfan Sulfate 0.1 16
4,4'-DDT 0.1 16
Endrin Ketone 0.1 16
Endrin Aldehyde 0.1 16
Methoxychlor 0.5 80
alpha-Chlordane 0.5 80
gamma-Chlordane 0.5 80
Toxaphene 1 160
Aroclor-1016 0.5 80
Aroclor-1221 0.5 80
Aroclor-1232 0.5 80
Aroclor-1242 0.5 80
Aroclor-1248 0.5 80
Aroclor-1254 1 160
Aroclor-1260 1 160

MLS required reporting limits are 15 times those of LLS.



Method No.: CRA/SN-PEST
Revision: 0
Effective Date: 04/13/94
Page: 37 of 49

TABLE 2

PESTICIDE/PCB REPORTING LIMITS FOR RESIDENTIAL WELL ANALYSES

Target PQL MDL Rtx35 MDL Rtx1701
Compound U/g/L) (ug/L) (ug/L)

alpha-BHC 0.01 0.004 0.003
beta-BHC 0.01 0.003 0.006
delta-BHC 0.01 0.002 0.002
gamma-BHC 0.01 0.002 0.003
Heptachlor 0.01 0.003 0.003
Aldrin 0.01 0.006 0.002
Heptachlor Epoxide 0.01 0.003 0.004
Endosulfan I 0.01 0.005 0.004
Dieldrin 0.02 0.006 0.006
4,4'-DDE 0.02 0.005 0.006
Endrin 0.02 0.004 0.006
Endosulfan II 0.02 0.009 0.004
4,4'-DDD 0.01 0.004 0.006
Endosulfan Sulfate 0.02 0.02 0.008
4,4'-DDT 0.02 0.005 0.009
Endrin Ketone 0.02 0.004 0.005
Methoxychlor 0.1 0.07 0.04
alpha-Chlordane 0.01 0.01 0.002
gamma-Chlordan 0.01 0.002 0.003
Toxaphene 1 0.3 0.5
Aroclor-1016 0.2 0.08 0.03
Aroclor-1232 0.4 0.006 0.02
Aroclor-1242 0.2 0.07 0.05
Aroclor-1248 0.2 0.2 0.02
Aroclor-1254 0.2 0.09 0.04
Aroclor-1260 0.2 0.07 0.03
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TABLE 3

Spiking Solutions

Test

PeitkxJes/PCBs

fesocides.'PCBs

Pestades/PCBs

Pesiddes/PCBs

QC Solution

Matrix Spike

Matrix Spike

Surrogate Spike

Surrogate Spike

Solvent

Hexane

Metnanol

Acetone

Acetone

S«mpl« Matrix: Spk« Added

Water 1.0 mL/1000 mL sample'

US: SO uLOOg sample'
MLS: 50 nLMg sample'
SoxMet: 50 iiL/10 g sample'

Water 1 .0 ml_n 000 mL sample

LLS: 1.0 mL/30 g sample'
SoxMet 1.0 mL/10g sample'

An*Jyt«(s)

Lindane
Heptactitor
AUrin
Diettrin
Endrin
4.4--DOT

Lindane
Haptachlor
Aldrin
Oieldrin
Endrin
4.4--ODT
TCMX*
DCB'

TCMX1

DCB1

Concentntlon o(
Spike Solution'

Olugfmi.
O îigAnL
02 MQ/mL
OJ vQtmL
O^MOAnL
0.5 |ig/mL

2»ig/mL
2ug/mL
2|ig/mL
5|ig/mL
Siig/mL
Spg/mL

0.2 iio/mL
0_2(ig/mL

OlttghnL
02 \ualtri.
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TABLE 4

Tuning Procedures for Ultrasonic Cell Disrupter. Model W-385

Tune the sonicator daily as follows:

1. Place power switch (ON/OFF/TUNE) in the "OFF" position.

2. Turn the timer to the "HOLD" position.

3. Turn the output control knob fully counter-clockwise, below
setting "1" for minimum amplitude.

4. Push and hold the power switch down in the "TUNE" position
(it is spring loaded in this position and must be held during
tuning).

5. Slowly turn the output control knob to setting "10" (maximum
amplitude) taking care not to exceed 100%.

• If the meter approaches 100%, lower the control knob
setting to about "5" and continue with steps 6 through 9.
Then raise the setting to "10" and retune.

• If the generator has been thrown far off resonance, several
increments between settings "5" and "10" may be required
before the knob can be set to "10" without exceeding
100% on the meter.

6. Turn the tuning knob in whichever direction will cause the meter
needle to move toward zero (0).

7. Continue turning the tuning knob in that same direction until the
needle stops moving and then begins to move in a reverse
direction.

8. Reverse the tuning knob very slowly to return the meter needle
to its lowest reading (that "null" point at which any motion of
the tuning knob in either direction will cause the needle to
deflect away from zero).

9. Return the output control knob to minimum setting (fully
counter-clockwise) and release the power switch. The generator
is now tuned properly.
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Parameters

Oven Temperature1

Injection Temperature

Detector Temperature

Column Specifications

Flow Rate/Gas

Injection Volume

____Parameters

Oven Temperature1

Injection Temperature

Detector Temperature

Column Specifications

Flow Rate/Gas

Injection Volume

TABLE 5

GC OPERATING CONDITIONS

DB608-FSC2

Capillary Column

185°C for 5 minutes,
increase to 250°C at
5°C/minute

230°C

320°C

30 ml_ x 0.53 mm I.D.

7 mL/minute, Helium

Packed Column

195°C, Isothermal

230°C

320°C

1.5% SP-2250/
1.95% SP-2401

30 mL/minute, Helium

4//L

RTX-170V

Capillary Column

175°C for 5 minutes,
increase to 260°C at
8°C/minute

200°C

310°C

30 mL x 0.25 mm I.D.

0.3 mL/minute (approx.),
Helium

1 Oven temperatures may vary from instrument to instrument. Temperature program
used is documented in the run log for each run.

Or equivalent column model.
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TABLE 6

INITIAL CALIBRATION STANDARDS

Ind. A

TCMX
G-BHC
Heptachlor
Aldrin
Hept.
Epoxide
A-Endo-
sulfan
Dieldrin
B-Endo-
sulfan
DOT
End.
Aldehyde
DCB
Methoxy-
chlor

Level 1
ualmL

0.05
0.005
0.005
0.005

0.005

0.005
0.005

0.005
0.01

0.00625
0.05

0.03

Level 2
uglmL

0.05
0.01
0.01
0.01

0.01

0.01
0.01

0.01
0.02

0.0125
0.05

0.045

Ind. B

TCMX
A-BHC
B-BHC
D-BHC
Aldrin
DDE
Endrin
ODD
Endosulfan
sulfate
DCB

0.05
0.005
0.01
0.005
0.005
0.005
0.005
0.005

0.005
0.05

0.05
0.01
0.02
0.01
0.01
0.01
0.01
0.01

0.01
0.05

Level 3
x/q/mL

0.05
0.02
0.02
0.02

0.02

0.02
0.02

0.02
0.04

0.025
0.05

0.06

0.05
0.02
0.04
0.02
0.02
0.02
0.02
0.02

0.02
0.05

Level 4
i/a/mL

0.05
0.04
0.04
0.04

0.04

0.04
0.04

0.04
0.08

0.05
0.05

0.09

0.05
0.04
0.08
0.04
0.04
0.04
0.04
0.04

0.04
0.05

Level 5
ug/mL

0.05
0.045
0.045
0.045

0.045

0.045
0.045

0.045
0.085

0.055
0.05

0.125

0.05
0.045
0.085
0.045
0.045
0.045
0.045
0.045

0.045
0.05

TCMX = Tetrachloro-m-xylene
DCB = Decachlorophenyl
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TABLE 7

ORGANIC EXTRACTION LAB SAMPLE DESCRIPTION NOTES

f

1

2

3

4

5

6

7

B

9

10

11

12

13

14

15

16

17

18

19

50

51

52

56

57

58

59

60

61

CHARACTERISTICS

Color As Received

Milky white

Yellow

Orange

Pink

Brown

Black

Blue

Green

Red

Purple

Grey

Turned with add of NaOH

Turned with add of HjSO4

Clear

Opaque

Odor As Received

Strong

Very strong

Phenol smell

Solvent smell (paint)

pH (Continued)

Over 100 mL NaOH

Over 5 mL HjSO4

Over 10 mL HjSO4

Soil Consistency

Rocks

Very Moist

Sludge
Vegetation

Carbon

Ropes

*

20

21

22

23

31

32

33

34

35

36

37

41

42

43

46

47

48

49

62

63

64

65

66

67

71

72

73

CHARACTERISTICS

Oil smell

Sulfur smell

Vinegar smell

Rsh smell

Concentration

Very volatile, concentrated fast

Very foamy, concentrated slow

Bumps, splatters, boils sluggishly

Stopped concentrating before
appropriate volume

Paniculate fallout

Phase separation

Nitrogen Slowdown req.

Emulsion
Slight-needed centrifugation

Moderate-needed centrifugation

Dense-centrifugation not good

PH

Basic

Acidic

Buffered

Over 5 mL NaOH

Wood

Very Fine Dust

Clay

Tar

Filtered slow

Viscous

TCLP

Routine

CLP

Filter
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TABLE 8

QC Limits
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Table 8
QC Limits (cont'd)
Page Two
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Table 8
QC Limits (cont'd)
Page Three
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QUALfTY CONTROL TEST FILE
GC • PESTICIDES/PCBs (8080/608)
SOIL, PM: E1J1SLLR AND E123SLLR, AM: G30
DECEMBER 1993
PAGE 2
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FIGURE 1

Extraction Log
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FIGURE 2

GC Injection Log

TITLE GC - PROJECT NO.
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FIGURE 3

GC Assignment Sheet

GC Asiigmem Sheec < 10-Jut-92 Sacplex 2O5S22 - 20SS22 )
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Date Analvied: *^ -3^ -̂ -& Ti«»c: i T~-f *
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Client: MAU.IBUKTOM MUS tHVl«OMMt>IIAl COB»>
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LABORATORY METHOD

INDUCTIVELY COUPLED PLASMA-ATOMIC
EMISSION SPECTROMETRIC METHOD

METHOD ID: CRA/SN-ICP
REVISION: 0
EFFECTIVE DATE: 04/1 3/94

APPROVALS:

See page 1 of the method.
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INDUCTIVELY COUPLED PLASMA-ATOMIC
EMISSION SPECTROMETRIC METHOD

1.0 SCOPE AND APPLICATION

Inductively coupled plasma atomic emission spectroscopy (ICP-AES, hereafter
referred to as ICP) is used to determine elements, primarily metals, in solution.
Groundwaters, surface waters, effluents, leachates, soil/sediment, or waste
can be analyzed using ICP following suitable digestion to solubilize the analytes.

This procedure is used for the simultaneous multielement determination of trace
elements in solution. The basis of the method is the measurement of atomic
emission by an optical spectroscopic technique.

Table 1 lists analytes and their corresponding wavelengths, reporting limits, and
linear ranges. Instrument detection limits, as obtained from periodic detection
limit studies, are updated and published quarterly.

This procedure is specific to the ARL Model 3560 simultaneous computer-
controlled inductively coupled plasma - atomic emission spectrometer with
background correction.

2.0 SUMMARY OF METHOD

A mixture of sample is acid digested on a hot plate and evaporated to a low
volume. The digestate is cooled, filtered if necessary, and brought to final
volume with reagent water.

Samples digestates are nebulized and the aerosol is transported to the plasma
torch for excitation. Characteristic atomic line emission spectra are produced
by a radio-frequency inductively coupled plasma. The spectra are dispersed by
a grating spectrometer and emission intensities of the lines are monitored by
photomultiplier tubes. The photocurrents from the photomultiplier tubes are
collected and processed by a computer system.

A background correction technique compensates for variable background
contributions to the determination of trace elements. Background is measured
adjacent to analyte lines during sample analysis. The position selected for the
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background intensity measurement, on either or both sides of the analytical
line, is determined by the complexity of the spectrum adjacent to the analyte
line. The chosen position must be as free of spectral interference as possible
and must reflect the same change in background intensity as occurs at the
analyte wavelength measured.

3.0 PROCEDURE

3.1 SAMPLE PRESERVATION

3.1.1 Store all water samples in either plastic or glass bottles preserved with
nitric acid (to pH <2). Samples must be analyzed within six months.

3.1.2 Store all soil samples unpreserved in either plastic or glass containers.
Samples must be analyzed within six months.

3.2 SAMPLE PREPARATION

3.2.1 Hot Plate Acid Digestion of Water Samples for Total Recoverable Metals
Determination

a. Turn on the fume hoods and ensure that there is adequate air
ventilation. Turn on hot plates to allow them to achieve initial
digestion/evaporation temperature while samples are being prepared
for digestion. Set Thermolyne hot plates at approximately 5 and
Lindberg hot plates to 5.5 - 6.0.

b. Shake the sample bottle vigorously to achieve homogeneity.
Immediately transfer 100 mL of the sample to a 150-mL Griffin
beaker using a graduated cylinder.

c. Add 2 mL of concentrated nitric acid (HNO3) and 5 mL of
concentrated hydrochloric acid (HCI) then cover with a ribbed watch
glass or similar device.

d. Place beaker on the hot plate in the hood and cautiously evaporate
the sample to a volume of approximately 15-20 mL.

During evaporation, ensure that the sample DOES NOT BOIL and that
no portion of the bottom of the beaker goes dry. If the sample goes
to dryness, discard the sample and reprepare.

e. Cool the beaker. Rinse the watch glass with reagent water,
collecting the washings in the beaker. Rinse the walls of the beaker
with reagent water.
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f. If visible solids are observed in any one of the samples in a batch,
filter all digestates within that batch, including the associated quality
control samples as outlined below. Otherwise, proceed to 3.2.1.g.

f.1 Assemble a filter funnel and Whatman #41 filter paper. Pre-
rinse the filter/funnel apparatus with 1 % HNO3 solution.

f .2 Place a 100-mL volumetric flask under the funnel. Quantitatively
transfer the contents of the beaker into the prerinsed filter/funnel
apparatus with reagent water.

f.3 Rinse the filter paper thoroughly with reagent water. Rinse the
tip of the funnel, collecting the washings into the volumetric
flask. Proceed to 3.2.1.h.

g. If none of the digestates require filtration, quantitatively transfer the
digestate to a 100-mL volumetric flask.

h. Bring the digestate to volume with reagent water and mix thoroughly
by inversion.

i. Transfer the digestate to a prelabeled polyethylene bottle with a
polyethylene-lined cap.

Obtain labels for sample bottles by using LIMS program ALABEL.
This program prints labels, by sample batch, which lists the unique
NUS Laboratory sample number, client, batch number, sample type
(LCS, dup, orig), preparation description, date of preparation and
initial/final volumes.

j. If a digestate analyzed by ICP is found to contain more than 6 mg/L
silver, redigest the sample using a smaller sample aliquot in order
to keep the analyte in solution.

3.2.2 Hot Plate Acid Digestion of Solid Samples for Total Metals Determination

a. Turn on the fume hoods and ensure that there is adequate air
ventilation. Turn on hot plates to allow them to achieve initial
digestion/evaporation temperature while samples are being prepared
for digestion. Set Thermolyne hot plates at approximately 5 and
Lindberg hot plates to 5.5 - 6.0.

b. Mix the sample to achieve homogeneity. Weigh a 1.00 ±0.01 g
(wet weight) aliquot of sample into a 150-mL Griffin beaker. Record
the weight to the nearest 0.01 g.

Note: If preforming boron and/or silicon determinations, either alone
or along with other analytes, prepare the B/Si samples in fluted
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Teflon beakers with Teflon lids. Place a fiberglass mat on the
hot plate to prevent the Teflon beakers from melting or
Warping.

c. Add 10 mL of 1:1 nitric acid (HNO3). Mix the sample to a slurry
consistency and cover with a plain watch glass.

d. Place the beaker on the hot plate in the hood and cautiously reflux
the sample for 15 minutes without boiling.

e. Allow the digestate to cool. Rinse the watchglass with a minimum
of reagent water, collecting the rinsate in the beaker. Then add 5
mL of concentrated HNO3. Place the beaker on the hot plate and
reflux for 30 min.

f. Repeat step 3.2.2.e to complete the oxidation process.

g. Using a ribbed watch glass, place beaker on the hot plate in the
hood and cautiously evaporate the sample to a volume of
approximately 5 mL.

During evaporation, ensure that the sample does not boil and that no
portion of the bottom of the beaker goes dry. If the sample goes to
dryness, discard the sample and reprepare.

h. Cool the beaker and add 2 mL of reagent water and 2.5 mL of 30%
hydrogen peroxide. Cover the beaker with the plain watch glass and
gently warm the beaker to start the peroxide reaction. Heat until
effervescence ceases, then cool the beaker.

CAUTION: Hydrogen peroxide may react vigorously. Care must be taken to
avoid sample losses due to splattering during peroxide reaction.

i. Add 30% hydrogen peroxide in additional 2.5-mL aliquots with
gentle warming until effervescence is minimal or until no change is
observed in the sample's appearance. Do not add more than a total
of 10 mL of 30% hydrogen peroxide to any one sample.

j. Add 5 mL of concentrated HCI and 10 mL of reagent water. Place
covered beaker on the hot plate and reflux for 15 minutes. DO NOT
BOIL.

k. Cool the beaker. Rinse the watch glass with a minimum of reagent
water, collecting the washings in the beaker. Rinse the sides of the
beaker with reagent water.

I. Filter all digestates, including the associated quality control samples,
as outlined above in Section 3.2.1.f.
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m. Transfer the digestate to a prelabeled polyethylene bottle with a
polyethylene-lined cap.

Obtain labels for sample bottles by using LIMS program ALABEL.
This program prints labels, by sample batch, which lists the unique
NUS Laboratory sample number, client, batch number, sample type
(LCS, dup, orig), preparation description, date of preparation and
initial/final volumes.

n. If a digestate analyzed by ICP is found to contain more than 600
mg/kg silver (6.0 mg/L in the digestate), redigest the sample using
a smaller sample aliquot in order to keep the analyte in solution.

3.3 PRELIMINARY OPERATION OF THE ICP

Note: The ARL Model 3560 main instrument is always left on to maintain
consistent vacuum and temperature. See manufacturers' operator
manual for information on starting-up the main instrument.

3.3.1 Press the STAND button located on the main instrument to turn on the
torch stand unit. Turn on the computer and printer.

3.3.2 Hook up sample introduction pump:

a. Examine the sample tubing for flat spots or other wear from the
pump. Replace the tubing as necessary.

b. Thread the sample tube around the pump then fasten the clamp to
put tension on the tube.

c. Flip on the power toggle switch located on the pump unit.

d. Place the tip of the introduction tube into rinse water and let the
rinse water flow through the sample tube.

3.3.3 Verify interlocks by checking that all four vertically-arranged lights on
the torch stand unit are illuminated, then press START on the torch
stand unit to light the plasma torch.

3.3.4 Prepare standards (see Section 9.0). Document standards preparation
in the aooropriate log book.

3.3.5 Docume strument status:

a. Press <Mi.T>/<F5> to open the ROUTINE option window then
press <F1> to select "System Log/Alarm Status."
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b. Enter <Y> for yes to save values to the status log database files.
Press < F1 > to print status report (see Figure 1 for example of
status printout). The time of status measurement is considered the
start of the run. Verify the correct date and time from the
instrument status record. Otherwise return the computer system to
the DOS prompt and correct the date and time before starting
analyses for the day.

c. Document watts, volts, and currents onto the status printout: press
each of the following buttons from the RF Generator Controls and
record the display values.

• incident watts • plate current

• reflected watts • grid current mA

• plate volts x10 • drive volts x10

d. Measure and document flow rate onto the status printout: fill a 10-
ml_ graduate with 10 ml_ of reagent water, time the pump for one
minute beginning upon insertion of sample introduction tube into the
graduate, measure flow as mL/min by recording the volume (ml_)
remaining in the graduate after one minute has elapsed.

3.3.6 Verify optical alignment:

a. Press <F5> to select "Check Optical Alignment" from the ROUTINE
option window, then press <F2> to select "Digital Profile" from the
program scheduler window.

b. Insert sample introduction tube into the profile standard (see Section
9.0); press <F2> to "Run Profile," then press <F1> to Profile.

c. Press <F8> after profile is complete to return to the program
scheduler window, then press <F3> to select "Set/Plot Profile."

d. Plot five profile curves for the elements Mn, Cr, As, Sb, and Se by
using the following key sequence: <F1 >, graph #, element symbol.

Note: More than one curve may be plotted per graph (See Figure 2).
Example: Plot profile curve for Mn.

<F1> [plot]
[computer prompts: enter graph # 1-3]
Enter the number " 1"
[computer prompts: select element]
Enter "Mn"
[computer automatically plots profile]
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e. Set the new profile position by using the following key sequence:
<F5>, <F4>, <A> for average, <A> for all elements, <Y> for
yes, and <F8> to exit after setting position.

Example: Set the new profile position.

<F5> [plot profile]
<F4> [plot profile]
<A> [average]
<A> [all elements - accepts average profile of all elements
profiled]
<Y> [yes to confirm update of profile]
<F8> [exits from plot profile window]

f. Press < Print Screen > to print out a hard copy of the profile plotting.
Press <F8> to exit.

3.4 CALIBRATION

3.4.1 Press <ALT>/<F1> for "set up," <F4> for "calibrate lines," and
<F2> for "sequence standards."

3.4.2 Use arrow key to select "Pick Sequence File" then press <ENTER>.
Check that all elements of interest are listed with the correct
concentrations. Make changes as necessary, then press <F8> to save
file.

3.4.3 Press <F3> to "run standards," use arrow key to select "manual
calibration," pick file being used, then press <F1 > to "run standards."

3.4.4 Aliquot 10.0 ml_ of each standard into individual sample cups then add
100 fjL of 1000 mg/L yttrium internal standard to each standard and
also to the blank (see Table 2 for analytical sequence).

Note: Yttrium internal standardization is not presently available on the
ARL ICP 3560 Unit 2. Consequently, Unit 2 may be operated
without Y additions to standards and samples, although a 1:5
serial dilution is required for routine samples.

3.4.5 Place the sample introduction tube into the first sample cup and hit any
keyboard key to analyze that standard. Continue in this manner for all
of the standards. When finished, press <F8> to save the data.

3.4.6 Press <F5> to "auto-refit curves." (Verify that the correlation
coefficient is ^ 0.995; Auto-Refit will print calibration data and save
data.) When all analytes are regressed, the program scheduler appears
(see Figure 3 for an example of this printout).
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Note: The calibration curve may instead be manually fit by pressing
<F4>. This may prove faster for runs with few elements (see
the software users manual for details on this).

3.5 SAMPLE ANALYSIS

3.5.1 Press <Alt>/<F2> for "analyze," <F1> for "manual," then <F2>
for "run unknowns."

3.5.2 Select "Continue," press <ENTER>, then press <F4> for "Name a
File." Name the file using the following code:

AYYMMDDx

where A corresponds to ICP unit 1 (use B for unit 2), YY to the year,
MM to the month, DD to the day, and x to an individually assigned
employee ICP code.

Refer to Table 2 for sequence and to the QC section for criteria.

3.5.3 Press <F1 > to "Analyze." Aliquot 10 mL of all standards and samples
into disposable sample cups. Into each cup, spike 100 jt/L of 1000 ppm
Y.

3.5.4 Place the introduction tube into a sample digestate then press < Enter >.

3.5.5 After the analysis is complete, the computer will return with the prompt
"Enter Sample Identity 1." Type in the sample identity, then press
<ENTER >.

3.5.6 Press <F8> to continue printing of the analysis.

3.5.7 Evaluate the results on the sample. Verify that each analyte is within
its respective range and determine if the %RPD is within range «20%
for any result greater than 2x the reporting limit).

Note: If a silver result on an undiluted digestate exceeds 6.0 mg/L, do
not accept the data. Initiate re-digestion using a smaller sample
aliquot.

3.5.8 Highlight usable sample results on the instrument printout. Document
the sample analysis and any discrepancies in the instrument log book.

3.5.9 Press <ESC> to return to the analyze mode for the next sample.
Reanalyze the sample, if necessary, for any discrepancies (i.e., high
%RPD must be rerun, overrange results must be run at a dilution).
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3.5.10 Repeat steps 3.5.4 through 3.5.9 until all samples, calibration
standards, blanks, etc. are analyzed.

3.6 CALCULATIONS

3.6.1 Read the metal result in mg/L directly from the instrument printout.

3.6.2 For aqueous samples report metal concentrations in mg/L using the
following equation:

Metallmg/L) = A x DF

where>l = metal result in mg/L of sample digestate from calibration
curve

DF = dilution factor, if necessary (final volume/initial volume)

Note: A dilution may have been used in sample preparation which must
be taken in account in calculating the final results. See the
sample logbook for unusual sample volumes.

3.6.3 For solid samples report metal concentrations as mg/kg, wet or dry
weight, using the appropriate equation(s) below:

a. Solid samples - wet weight:

Metallmg/kgwetl = A x V
W

where>1 = metal result in mg/L of sample digestate from calibration
• curve

V = final volume of processed sample in mL
W = wet weight of sample in grams

b. Solid samples - dry weight:

y
wftl •"

% solids
Metallmg/kg ^ = Metallng/kg x 100

3.7 INSTRUMENT SHUT-DOWN

3.7.1 Press <F8> to continue, <F8> to exit, then <Alt>/<F5> to return
to ROUTINE option window. Turn off the computer monitor.

3.7.2 Remove sample introduction tube from rinse water to drain tube.

3.7.3 Press STOP on the torch stand to extinguish the torch. Listen for the
Argon to completely drain.
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3.7.4 Turn off pump, then unfasten tube clamp to release the tension on the
tubing.

3.7.5 Press STAND on the main instrument to turn off torch stand.

4.0 DATA COLLECTION

4.1 Document the following information in a bound lab notebook for each set of
acid digestions performed. Entries must be made at the time of digestion. An
example logbook entry is shown in Figure 4 and briefly described below:

• preparation method (PM) code.

• date/time performed and analyst(s) signature(s)/employee number(s).

• NUS Laboratory sample number and aliquot. Identify any quality control
samples (method blank, LCS, dup/MS).

• spiking standards, by standard identification number and volumes used.

• batch number.

4.2 Document each ICP run in a bound lab notebook for each set of analyses
performed. Entries must be made at the time of analysis. Following data
reduction, complete the worksheet. Example logbook and worksheet entries
are shown on Figures 5 and 6, respectively, and briefly described below:

• brief description of analysis (e.g., ICP Analysis).

• date and time analysis started and analyst(s) signature(s).

• NUS Laboratory sample number and sample aliquot. Identify any lab quality
control samples (method blanks, MS/MSDs, LCSs).

• any dilutions used.

• spikes added, to include the spiking solution identification number and the
volume of spike added for post-digestion spikes.

• comments regarding nonconforming conditions that were resolved within the
analysis run.

• nonconformances where necessary.

4.3 Forward the following to data management from each analytical run:

• preparation raw data, including standards/spiking solutions preparation pages.
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• analytical raw data, including logbook page(s), worksheet/assignment sheets,
and instrument printouts.

• description of problems encountered and actions taken during sample
preparation and analysis on corrective action records.

• initial and continuing calibration files from the instrument software system.

• sample and associated quality control sample files (method blanks, MS/MSDs,
LCSs) from the instrument software system.

• any instrument maintenance documented in the instrument maintenance log.

5.0 QUALITY CONTROL

5.1 INSTRUMENT CONTROL CHECKS

5.1.1 High Standard

Before beginning the sample run, reanalyze the highest mixed calibration
standard for each analyte as if it were a sample. Recovery must be
95.0-105%. If recovery exceeds the control limit, reanalyze the high
standard. If the problem persists, terminate analysis, correct the
problem, recalibrate and reverify the calibration.

5.1.2 Initial Calibration Verification (ICV)

Immediately after instrument calibration, verify and document the
accuracy of the initial calibration for every analyte by running an Initial
Calibration Verification (ICV) standard at each wavelength used for
analysis. This standard is from a source independent of the calibration
standards.

When measurements exceed the control limits of 90-110%, terminate
analysis, correct the problem, recalibrate the instrument, and reverify the
calibration before proceeding with the analysis sequence.

5.1.3 Initial Calibration Blank (ICB)

Analyze a calibration blank at each wavelength used for analysis
immediately after the ICV.

If the absolute value of the blank result exceeds the reporting limit,
terminate analysis, correct the problem, and recalibrate and verify the
calibration. Reanalyze all samples and quality control checks analyzed
since the last acceptable calibration blank.
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5.1.4 Reporting Limit Standard

To verify linearity near the reporting limit for ICP analysis, analyze an
ICP standard for all metals at two times the reporting limit from Table
1 at the beginning of each sample analysis run. The response for this
standard must be discernible from the ICB as evident by a recovery of
> 50%. If recovery is less than 50%, reanalyze a fresh aliquot of the
standard or terminate the analysis to correct the problem.

For standards 2x the IDL, a >50% recovery is not required: only a
result discernable from the ICB.

5.1.5 ICP Interference Check Sample (ICS) Analysis

Refer to Table 3. To verify interelement and background correction
factors, analyze and report the results for the ICP Interference Check
Samples at the beginning and end of each analysis run, and every 8
hours of operation, whichever is more frequent.

The Interference Check Samples consist of two solutions: Solution A
and Solution AB. Solution A consists of the interferants and Solution
AB consists of the analytes mixed with the interferants. An ICS
analysis consists of analyzing both solutions consecutively, starting with
Solution A, for all wavelengths used for each analyte reported by ICP.

Results for the ICP analyses of Solution AB during the analytical runs
must fall within the control limit of ±20% of the true value for the
analytes included in the Interference Check Samples. If not, terminate
the analysis, correct the problem, recalibrate the instrument, and
reanalyze all samples run since the last good ICS.

5.1.6 Continuing Calibration Standard (CCS)

To ensure calibration accuracy during each run, analyze a mid-range
standard for continuing calibration verification. Analyze at a frequency
of 10% and report the CCS for every wavelength used for the analysis
of each analyte.

If the deviation of the continuing calibration standard is greater than the
control limits of 90-110%, terminate analysis, correct the problem,
recalibrate the instrument and reverify the calibration. Reanalyze all
samples and quality control checks run since the last good calibration
verification for the affected analytes.

5.1.7 Continuing Calibration Blank (CCB)

Analyze a calibration blank at each wavelength used for analysis after
each continuing calibration verification standard.
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If the absolute value of the blank result exceeds the reporting limit,
terminate analysis, correct the problem, and recalibrate and verify the
calibration. Reanalyze all samples and quality control checks analyzed
since the last acceptable calibration blank.

5.2 SAMPLE PREPARATION CHECKS

5.2.1 Preparation Blank (PB) Analysis

A preparation blank, consisting of reagent water processed through
sample preparation, is prepared and analyzed with each batch of up to
20 samples digested at the same time.

Evaluate the preparation blank results as follows:

a. If the absolute value of the concentration of the blank is less than
or equal to the routine reporting limit, no correction of sample results
is performed. Ideally, when sample results are observed down to the
reporting limit, the preparation blank should not yield results greater
than 50% of the reporting limit. However, this is impractical when
the reporting limit is less than twice the instrument detection limit.

b. If any analyte concentration in the blank is above the routine
reporting limit, the lowest acceptable concentration of that analyte
in the associated samples must be 10x the blank concentration for
sample results to be reported.

Otherwise, all samples associated with the blank, with analyte
concentration less than 10x the blank concentration and above the
routine reporting limit, must be redigested and reanalyzed for that
analyte (except for an identified aqueous soil field blank). The
sample concentration is not to be corrected for the blank value.

c. If the concentration of the blank is below the negative routine
reporting limit, then reanalyze (or redigest and reanalyze, depending
upon the cause of the problem) all sample results below 10x the
absolute value of the blank.

Note: First, troubleshoot the calibration curve for the element in
Question. If the calibration yields an artificially high intercept,
i' •-.'-• recalibrate the element before reanalysis. Only consider
indigestion as a last resort because this problem points to
causes other than sample preparation.
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5.2.2 Laboratory Control Sample (LCS) Analysis

A laboratory control sample (LCS) is prepared and analyzed for all target
analytes for each matrix (water or solid/waste) with each batch of up
to 20 samples digested together.

The aqueous LCS solution must be independent (i.e., from a different
lot) from the calibration standards. Prepare and analyze one aqueous
LCS for every batch of 20 samples digested at the same time.

Prepare and analyze one solid LCS, using each of the procedures applied
to solid samples, for every batch of 20 samples digested at the same
time. If an analyte of interest is not present in a reference material,
spike that analyte into the LCS.

If the percent recovery for an LCS falls outside the control limits,
redigest and reanalyze the samples associated with that LCS for the
analyte(s) in question. Table 4 lists the current LCS limits. These
statistically-based limits are updated semi-annually and subject to
change.

When a new LCS (aqueous or solid) is procured, verify the standard
prior to use with a real batch of samples. Verify by comparing the
average recovery result of 4 undigested aliquots of the LCS with the
true value (for waters) or comparing the average recovery of 4 digested
samples on two consecutive days (for soils).

5.2.3 Spike Sample Analysis

The spike sample analysis provides information about the effect of the
sample matrix on the digestion and measurement procedures. Add the
spike before digestion prior to the addition of other reagents. Perform
at least one spike sample analysis for every batch of 10 samples
digested at the same time.

Refer to Table 5 for the analyte spiking levels.

If the spike recovery is not within the limits of 75-125%, qualify the
data for that sample as follows:

This sample was analyzed as a matrix spike. Recovery of the spike
was outside the established acceptance limits. However, the
preparation blank and laboratory control sample were found to be in
control, indicating the presence of a matrix interference.
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Calculate individual component percent recoveries (%R) as follows:

% Recovery = fSSR - SRI x 700
SA

where SSR = Spiked Sample Result
SA? = Sample Result
SA = Spike Added

Note: When the sample concentration is less than the reporting limit,
use SR = 0 for purposes of calculating % Recovery.

When the sample concentration exceeds the spike concentration by a
factor of four or more, the data is flagged and noted as follows:

Sample concentration greater than four times spike concentration.

5.2.4 Duplicate Sample Analysis

The duplicate sample provides information about the reproducibility of
ICP results.

Prepare and analyze one duplicate sample for every 10 samples in a
batch digested at the same time.

a. For results that

• are less than five times the reporting limit or
• one result is above five times the reporting limit and one is below

use a control limit of ±2x IDL or 20% for waters (±4 x IDL or 40%
for soils).

b. For results that are greater than five times the reporting limit
calculate the relative percent difference (RPD) as follows:

RPD = \S - D\ x 100
(S + D)/2

where RPD = Relative Percent Difference
S = First Sample Value (original)
D = Second Sample Value (duplicate)

Limits for precision are listed in Table 4. However, precision limits
default to 20% for waters (40% for soils) when the relative error in the
reportable sample results exceeds the specified precision limits. The
statistically-based limits are updated semi-annually and subject to
change.
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When precision is unacceptable, reanalyze the duplicate sample. If it
remains nonconforming, redigest and reanalyze 25% of the positive
results. If reanalysis results do not yield acceptable precision, redigest
and reanalyze all samples and report the reanalysis results.

5.3 INSTRUMENT DETECTION LIMIT (IDL) DETERMINATION

Determine instrument detection limits for each instrument used, at least
quarterly (every 3 calendar months) for CLP TAL analytes and biennially for
non-TAL analytes. The IDLs must meet the reporting limits.

Determine the Instrument Detection Limits in yt/g/L as follows:

• Prepare a standard solution of each analyte in reagent water at a
concentration 3-5x the manufacturer's suggested IDL initially, then 3-5x the
previously determined IDL thereafter.

• Perform seven consecutive measurements of the standard on three
nonconsecutive days.

Perform each measurement as if it were a separate analytical sample followed
by a rinse and/or any other procedure normally performed between analyses
of separate samples.

Calculate the mean and standard deviation for each set of seven
measurements. The observed daily mean must fall within a factor of two of
the true value for the data to be useful for the IDL study.

• Average the standard deviation values.

• Calculate the IDL Oc/g/L) by multiplying the average SD by 3.

Determine and report IDLs for each wavelength used in the analysis of the
samples.

5.4 METHOD DETECTION LIMIT STUDIES

A method detection limit (MDL) study for water analysis is performed annually
according to 40 CFR 136, Appendix B. Statistically-based MDLs must be <
reporting limits for the method.

5.5 INTERELEMENT CORRECTIONS FOR ICP

Determine ICP interelement correction factors for TAL and non-TAL analytes
annually, at a minimum. Determine correction factors for spectral interference
due to Al, Ca, Cr, Fe, Mg, Mn, Ni, and V for all ICP instruments at all
wavelengths used for each reported analyte. Report correction factors for
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spectral interference due to analytes other than Al, Ca, Cr, Fe, Mg, Mn, Ni,
and V if they were applied.

5.6 LINEAR RANGE ANALYSIS (LRA)

Analyze a linear range verification check standard quarterly (every 3 calendar
months) for each TAL element and biennially for each non-TAL element.

The analytically determined concentration of this standard must be within ± 5%
of the true value. This concentration is the upper limit of the ICP linear range.

5.7 SERIAL DILUTION

Serial dilution is required for all samples analyzed on the ARL ICP Unit 2 at a
frequency of one per ten samples. A 5x dilution should be used and all analyte
results above the reporting limit on the diluted sample should agree with the
original analysis within 10%. Otherwise, flag the result as estimated due to
matrix interference.

6.0 INTERFERENCES

6.1 The aqueous digestion procedure may not be sufficiently vigorous to destroy
some metal complexes.

6.2 Soil/sediment/sludge samples are diverse and complex matrices. Both the LCS
and the matrix spike samples are analyzed to evaluate the acid digestion
procedure's effectiveness for a given waste type.

6.3 Glassware must be scrupulously clean to prevent cross contamination at trace
levels. Griffin beakers should be replaced periodically as they tend to etch and
hold traces of contamination.

6.4 Borosilicate glassware can cause contamination of boron, silicon, and sodium.
Use Teflon beakers and lids to prevent this interference when these analytes are
requested.

6.5 Spectral interferences can be categorized as (1) overlap of a target spectral line
by a line from another element, (2) unresolved overlap of molecular band
spectra, (3) background contribution from continuous or recombination
phenomena, and (4) background contribution from stray light from the line
emission of high concentration elements.

6.6 Physical interferences are generally associated with the sample nebulization and
transport processes. Change in viscosity and surface tension can cause
significant inaccuracies especially in samples which may contain high dissolved
solids and/or acid concentrations. A peristaltic pump may lessen these
interferences. These types of interferences are operative and can be reduced by
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sample dilution, use of an internal standard, and/or utilization of standard
addition techniques.

High dissolved solids can cause salt buildup at the tip of the nebulizer. This
affects aerosol flow rate causing instrumental drift. Wetting the argon prior
to nebulization, the use of a tip washer, or sample dilution can control this
problem. Control of the argon flow by the use of mass flow controllers
improves instrument performance.

6.7 Chemical interferences are characterized by molecular compound formation,
ionization effects and solute vaporization effects. They can be minimized by
careful selection of operating conditions (i.e., incident power, observation
position, etc.), buffering the sample, matrix matching and standard addition
procedures. These types of interferences can be highly dependent on matrix
type and the specific analyte.

7.0 SAFETY PRECAUTIONS

7.1 The toxicity or carcinogenicity of each reagent used in this method has not
been precisely defined; however, each chemical compound should be treated
as a potential health hazard.

7.2 Wear a lab coat and safety glasses with side shields at all times while
performing this procedure. Wear gloves to avoid skin contact with acids,
bases, organic solvents and possible toxicants used as reagents or contained
in the samples for analysis.

7.2.1 Should skin or eye contact occur, flush the exposed area(s) with large
amounts of water and seek immediate medical attention.

7.2.2 Never pipet materials by mouth. Use a rubber bulb or other approved
suction device to transfer materials by pipet.

7.3 Handle and store all reagents in accordance with the precautions listed on the
Material Safety Data Sheets (MSDS).

7.3.1 Consult the MSDS for each reagent listed in this procedure before use.
The MSDS will provide pertinent information on toxicity, safety
precautions and storage conditions.

7.3.2 Always consult the label on the reagent bottle for up-to-date information
on safety precautions during handling, preferred storage conditions and
expiration data.

7.3.3 Label all flasks, vials, etc., with the intended contents prior to filling.
Follow established laboratory procedure in completing and affixing
labeling information to equipment.
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7.4 Avoid breathing solvent and standard solution vapors. If overexposure to
vapors should occur, seek fresh air and immediate medical attention.

7.5 Handle all glass equipment with care.

7.6 Perform acid digestions under an operating fume hood.

7.7 When preparing diluted solutions of concentrated acids, always add acid to
water.

7.8 Tinted glass surrounding the plasma torch shields the intense ultraviolet light
that is emitted. Also, heed warning labels on torch box: shut off power before
opening door to torch box.

8.0 APPARATUS AND MATERIALS

8.1 Griffin beakers: 150-mL capacity, or equivalent glassware.

Note: Beakers will tend to etch over time and should be replaced periodically.

8.2 Watch glasses: ribbed and plain, or similar covers.

8.3 Fluted Teflon beakers with Teflon covers: 150-mL capacity.

8.4 Pipets: Volumetric class A, assorted sizes.

8.5 Filter Paper: Whatman #41.

8.6 Filter funnels.

8.7 Graduated cylinders: 100-mL capacity. Verify that the volumetric accuracy is
within 2% upon receipt of new graduates.

8.8 Volumetric flasks: 100-mL, class A.

8.9 Hot plates: Thermolyne, Lindberg, or equivalent.

8.10 Fiberglass mat.

8.11 Inductively Coupled Plasma-Atomic Emission Spectrometer:

8.11.1 ARL Model 3560 - simultaneous computer-controlled inductively coupled
plasma - atomic emission spectrometer with background correction.
Both units 1 and 2 are this make and model.

8.11.2 Radio frequency generator.

8.12 Argon gas: welding grade or better.
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9.0 REAGENTS

9.1 Reagent water: Deionized water passed through a Barnstead Ultrapure Mixed
Bed Cartridge or equivalent.

9.2 Acids: Ultra-high purity grade or equivalent.

9.2.1 Hydrochloric acid - concentrated, trace metals grade.

9.2.2 Hydrochloric acid (1:1) - Add 500 ml cone. HCI to 400 ml reagent
water and dilute to volume with reagent water in a 1-L volumetric flask.

9.2.3 Nitric acid - concentrated, trace metals grade.

9.2.4 Nitric acid (1:1) - Add 500 mL cone. HNO3 to 400 mL reagent water
and dilute to volume with reagent water in a 1-L volumetric flask.

9.3 Stock standards for each analyte metal: purchased commercially. Standards
must be suitable for ICP analysis and traceable to NIST standards.

Matrix spikes and laboratory control samples, as identified in Section 5.0, are
prepared by spiking 0.50 mL of the following solutions, as necessary for the
appropriate analytes, into 100-mL sample or reagent water aliquots.

9.3.1 ICP Spiking Cocktails: purchased premade from High Purity, or
equivalent. All cocktails are 5% HCI by volume. See Table 1 for
concentrations.

a. ICP A: Al, As, B, Ba, Be, Cd, Co, Cr, Cu, Fe, Li, Mn, Na, Ni, Zn,
Si, Sr, V, W, Zn

b. ICP B: Ca, K, Mg, Pb, Se, Tl

c. ICP C: Mo, Sb, Sn, Ti

9.3.2 ICP Silver Standard: a 10 ppm working standard for silver is prepared
by diluting 2.0 mL of a 1000 ppm stock silver standard to 200 mL in
a volumetric flask with 2% HNO3. The working standard is transferred
to a clean, brown glass bottle, labeled and dated. This working
standard expires in 1 month.

Note: Pipettes are NOT to be inserted into either the stock silver
standard or the working standard. To obtain aliquots, pour small
amounts of the standard into separate disposable cups and
pipet aliquots from these cups. Discard any excess standard
remaining in the disposable cups. DO NOT RETURN EXCESS to
original standard container.
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9.4 Mixed calibration standard solutions: Prepare two sets of mixed calibration
standard solutions at three concentrations by combining appropriate volumes
of the stock solutions, listed below, in volumetric flasks. Add (1:1) HNO3 and
(1:1) HCI to achieve a 1% HNO3 and 5% HCI final solution. Dilute to volume
with reagent water. Follow NUS Laboratory Procedure AP-006, Preparation of
Inorganic Chemistry Standards.

9.4.1 Mixed calibration standard solution #1 - includes the following elements
at the corresponding concentrations (in mg/L):

• B, Ba, Be, Ca, Cd, Co, Cr, Mn, Mo, Ni. Pb, V, Zn: 1.0, 12.5, 25.0

• A, Ca, Fe, Mg, Na, K, Sn: 1.0, 125, 250

• Ag: 0.1, 0.5, 1.0

9.4.2 Mixed calibration standard solution #2 - includes the following elements
at the corresponding concentrations (in mg/L):

• As, Se, Sb, Tl: 1.0, 12.5, 25.0

9.5 Calibration blank: Prepare by diluting 2 mL of (1:1) HNO3 and 10 mL of (1:1)
HCI to 100 mL with reagent water. Prepare a sufficient quantity to flush the
system between standards and samples.

9.6 Continuing calibration standard (CCS): Prepare by combining compatible
elements at a concentration equivalent to the mid-points of their respective
calibration curves.

9.7 Interference check sample (ICS): Laboratory-prepared or obtained from EPA, if
available.

If true values for analytes contained in the ICS are not supplied with the ICS,
determine the mean by initially analyzing the ICS at least five times repetitively
for the particular analytes. Perform this mean determination during an analytical
run where the results for the previously supplied EPA ICS met all recovery
specifications. Additionally, use the result of this initial mean determination as
the true value for the lifetime of that solution (i.e., until the solution is
exhausted).

If the ICP Interference Check Sample is not available commercially, prepare
independent ICP Check Samples with interferant and analyte concentrations at
the levels specified in Table 3 - Interferant and Analyte Elemental
Concentrations Used for ICP Interference Check Sample. Establish the mean
value and standard deviation by initially analyzing the Check Samples at least
five times repetitively for each parameter on Table 3. Results must fall within
the control limit of ± 20% of the established mean value. Report the mean and
standard deviation in the raw data.
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Prepare the initial calibration verification (ICV) in the same acid matrix as the
calibration standards and in accordance with the instructions provided by the
supplier. This standard is independent of the calibration standards.

10.0 REFERENCES

10.1 "Methods for Chemical Analyses of Water and Wastes," U.S. EPA, Method
3005 & 200.7, 1979, Revised March 1983.

10.2 "Test Methods for Evaluating Solid Waste - Physical/Chemical Methods," U.S.
EPA SW-846, Method 3050 A & 6010 A, July 1992.

10.3 Documentation Instrument 3560-5571 (2 volumes).

10.4 Plasma Vision Software Guide.
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TABLE 1
WAVELENGTHS, REPORTING LIMITS, AND LINEAR RANGE

Element

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Lithium
Magnesium
Manganese
Molybdenum
Nickel
Potassium
Selenium
Silicon
Silver
Sodium
Strontium
Thallium
Tin
Titanium
Tungsten
Vanadium
Zinc
Zirconium

W a v e l e n g t h
(nm)

308.220
206.840
193.700
455.400
313.040
249.770
226.500
317.930
267.720
228.620
324.750
259.940
220.350
670.780
279.080
257.610
202.030
231.600
766.490
203.980
251.610
328.070
589.000
407.770
190.860
189.990
337.280
239.710
292.400
213.860
343.820

Reporting
(//g/L)1'2

100
200
100
5
5
50
5
100
10
10
10
20
50
5
50
5
50
20
200
100
50
10
100
10
100
100
10
100
10
10
10

Limit Linear Range
(mg/L)

250
250
250
50
50*
250
1000
100
250
100
500
500*
250
100*
500
250
100*
25
250*
250

500
100

Instrument detection limits (IDLs) are determined periodically and are published in memo
form. Reporting limits are ̂  the IDLs.

2 Reporting limit for soils (mg/kg) is obtained by dividing the reporting limit in //g/L by 10.

* Non-CLP element: the linear range only extends to the highest standard.
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TABLE 2
ICP ANALYSIS SEQUENCE

Run # Sample _________Key_________

Instrument warmup and stabilization
Initial calibration:

1 ISB ISB = internal standard blank
2 CB CB = calibration blank
3 S1-1 S1-1 and S1-2 = low cone, calibration standard
4S1-2
5 S2-1 S2-1 and S2-2 = middle cone, calibration standard
6S2-2
7 S3-1 S3-1 and S3-2 = high cone, calibration standard
8S3-2

Initial QC checks:
9 S3
10 ICV-1 ICV-1 and ICV-2 = initial calibration verification
11 ICV-2
12 ICB ICB = initial calibration blank
13 RL RL = reporting limit standard
14 ICS-A ICS-A = interference check sample analytes only
15 ICS-AB ICS-AB = interference check sample analytes and

interferants
Sample analysis:

16 SX1 SX = digestate: includes field samples, DUPs, MSs, prep
17 SX2 blanks, LCSs
18 SX3
19 SX4
20 SX5
21 SX6
22 SX7
23 SX8
24 SX9
25 SX10

Continuing QC checks:
26 CCS-1 CCS-1 and CCS-2 = continuing calibration standards
27 CCS-2
28 CCB CCB = continuing calibration blank

Repeat sample analysis and continuing QC checks until all samples are analyzed.

Final QC checks:
n-4 CCS-1
n-3 CCS-2
n-2 CCB
n-1 ICS A
n ICS AB n = last sequence number in run
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TABLE 3
INTERFERANT AND ANALYTE ELEMENTAL CONCENTRATIONS

USED FOR ICP INTERFERENCE CHECK SAMPLE

Analytes Concentration Interferants Concentration
(mg/L) (mg/L)

Ag 1.0 Al 500
Ba 0.5 Ca 500
Be 0.5 Fe 200
Cd 1.0 Mg 500
Co 0.5
Cr 0.5
Cu 0.5
Mn 0.5
Ni 1.0
Pb 1.0
V 0.5
Zn 1.0
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TABLE 4
LAB CONTROL SAMPLE (LCS) CONTROL LIMITS

QUALITY CONTROL TKST K11.E METALS
WATER MATRICES INSTRUMENT 35*0

November mj

PM, AnttjU

LOSW. Alisnunuir,

L05W. Bintan

LOSW. Berv Il ium

LC5W. C*dm.iijT.

LC'5'A1. C»lnj.T:

LOSW. Chra^.o.-

L05*'. Ccb*l;

LOSW. Copper

L05W. Iron

L05W. Mignesiom

L05W. Mir.juKic

L05^'. Nickel

L05W. Pocunurc

LOS^'. Silver

Comb.
ED

AB21

AAJ8

AA3S*

AA41

AAJi

AA-5

AA-J6

AA-?

AA49

ABO 3

AB05

ABOT

AB08

AB49

" - Wwiiit^::

. vUmtotor'-:^
\C;:

:.rir«fUBn '•:;

Range: • ——
RPD:S2-99*

RPD: S4.8I*

Range
RPD: —— -

Ruigt- —— -
RPD — --

fUnge - —
RPD: S3 17*

Range: —— -
RPD -—-

RPD: ——

Rjnge. ——
RPD — -

Range —— -
RPD: i3 88%

RPD: SI J 7ft

Range: — -
RPD: £ZJ4*

Range: - ——
RPD:£4.40ft

Range: ——
RPD: 53.01ft

Range: ____
RPD: —

î iiil:,:-:;i*:giSB î!

Ruife: S2X IDL
UPD: 43.93*

ltu,gt: SIX IDL
RPD: 46. 60*

Ruife: £2X IDL
RPD:S20*

lUogt: £2X IDL
RPD: $20*

Ruige: SIX IDL
RPD: *4 26*

Ringc: S2X IDL
RPD. S20*

R«nge: S2X IDL
RPD: S20*

Ringc: £2X IDL
RPD: S20*

Ringt. S2X IDL
RPD:S5.1J*

Rutc: £2X IDL
RPD: £2. 06*

R«jt: £2X IDL
RPD: S3.40*

Ruije £!X IDL
RPD: £5.87*

Rmje: S2JC IDL
RPD: £3.93*

Ru(c: 5OX IDL
RPD: £20*

a1. 11
UJ

____

0.99

————

——— .

———-

1.58

OJ9

0.12

1.46

1.17

—— —

Si™™?
ispp?:

0.94

1.79

__

....

1.09

——

_____

——

1.25

0.49

0.16

1.47

0.92

— -

iimtO "<••• Viiniist
W^CJ*1 J> [i U»'lts for
;!::-:.:;;:i ;:;:;;:: LCS
%ix*SS :̂j R«OWJ

315

1.63

.....

._...

2.76

__

——

._...

2.30

6.40

3.56

1.94

3.20

—— -

9-1 9-106

9 5 2 - 1 0 1

97.5-106

i f . 2 - 1 1 3

94 1-103

90.1-110

977-107

96.2-104

97.2-106

96.4-103

974-104

95.6-108

908 103

81.2-134

Conlrol
Llmlu foe

LCS
Rtcortrj :

92.2-10!

93.7-102

95 3-109

S 2 0 - 1 I 9

91 9-1C5

1 5 2 - 1 1 4

95 4-IOT

V4 2-106

9 4 9 - I O S

94 8-104

95 7-106

925-111

17.1-106

680 147

•'.'. X 7

10034

9! 06

101.9:

10045

9S 39

99. B:

102 34

ICO 34

101.64

99J5

100.66

101 85

96.73

107 46"

:: <

2.70

1 45

2.20

614

2.17

486

2 3 3

205

2.24

IJ8

1.64

310

2.99

1 3 1 4

JLCS
•-<*<

1.19

1.15

1.22

052

1.29

0.67

1.10

1.57

1.24

Z01

1.90

081

0.75

006

tt*<3
•%«ir
MutU , .svijspft.:::;!

R«»r«rj -:

94.8-105

95.2-100

91 1-107

1 2 1 - 1 1 1

72.0-1 35

884-107

90-4-106

940-102

19.0-109

91.4-105

92.6-104

90.8-108

90.8-111

81.8-134

»»CHor
M«rtt Sf Ike

:• :*«c»>i»j

92.1-108

940-101

87. Mil

748-119

56. M5!

S3 7-112

864-110

92.0-104

84.0-114

87.9-109

89.7-107

86.6-112

85.8-116

68.8-147

X

999"

97 71

9900

9667

103 73

97. SS

9S.26

9795

9S91

9129

9842

99.21

100.89

10717

•

2 61

1 24

3 93

7 K

1584

4 7 ]

394

1 97

498

3 4 7

2.89

4.19

505

13.03
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TABLE 4 (CONT'D)
LAB CONTROL SAMPLE (LCS) CONTROL LIMITS

QUAUTY CONTROL TEST nLE • METALS
WATER MATRICES - INSTRUMENT 3«»
NOVEMBERIWJ
{ContiniMd}

nf, A»iijt»s?>

L05W. Vuudium

mM
;;OSis
vsSB ''.I

ABU*

iii&ii:̂ lii
"arrti:tittM ' '

•::;;ssiS«|!s~;i,;
- , JSSJiiiJjIjjJjj.j.s.;

RPD: £2.S1%

Range: ——
RPD:- —

RPD: ».01«

*Nf*iiiirirf Jmlri
sSxhr^^drioa
^;v%:>^:<:::-:.- ,.:

;̂ :\i.-;:^S:;:v .S-: • ••
vi';>-:shis«:,.!:v.v. ".-•

RPD: 52.79*

Rantc: OX IDL
RPD:£20t

RPD: 3 19%

• X

096

1 65

1

0.61

_.-.

118

RPD

4.W

l.M

.:!.,^lr>i(n:.
:Umiu(or:

'•LCS
Reconr;

9S2-99.9

•-•';c«^*3
:.;- tiraJi»it»II

• ::. LCS:::- :̂ ::
• ' S«co«rf ;;^

.".• • . ' • . ;> .•• . • - : . : . • - . '

940-10!

fe'« -il
.:•;>•.:• •..:.•::

97.56

li*sl
ll'isp
xV: ' :'::::^":

1.11

PLCS- -:
?i-C(**i::

2.14

»5»CI
i fur

M*lrir
SplVi

RcCOTWT

91.4-10:

M» CI r«r
Mitra Sflkt

R«COY«ry

866-IOS

1

9692

»

171

i • lundan) deviation
C3 - confidence interval

LCS - ' Cpk bued on 10% RPD >peciftcatioa goal
: Cpk b«ed on 90-110% recovery iptcificanc
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TABLE 4 (CONT'D)
LAB CONTROL SAMPLE (LCS) CONTROL LIMITS

QUALITY CONTROL TEST FILE . METALS
SOLID MATRICES . INSTRUMENT 3540

N«Y«mb«f mi

HH-A*^;."-,^

L03S. Aluminum

L03S. Beryllium

L03S. C*dmium

L03S. Chromium

L03S. Cobih

L03S, Copper

L03S. Iron

L03S. Mjgm«,urr.

L03S. Ming*rw*e

LG3S. Nickel

L03S. PouMium

L03S. Silver

'':0:'K-.":i - ".-"
•;W-':" •.!
,>C«mb.,
¥!--n>-:^
- ''' ' :'':'' : ̂

BB08

BB15

BBI8

BB21

BB22

BB24

BB26

BB06

BA28

BA32

BA33

BAX,

isiiv^tof' j:;
Umiutor

gft«M«V
-x:-'. ' • . .' - ' .-

Ruigc: ——
RPD: ___

RPD: S24.4*

Rjuige: ——

Ring*: ——
RPD: G5-3%

RPD: __

Riage: -—
RPD: £20.7*

Range: —
RPD. S26.6*

R»F: ——
RPD: £23.0*

(U^: —
RPD: __

Ruiie: —
RPD: S15.9*

Range: —
RPD: 4*4.4*

R»p: ——
RPD: 557.34

Range: —
RPD: __

Range: ——
RPD: —

CooirolUmm
fur Freckfaa

Range: <4X IDL
RPD: SlOt

RPD: 533.0^

Range: <4X IDL

Ringe: <4X IDL
RPD: 233 8t

RPD: «0t

Range: <4X IDL
RPD: S7.71

Range: <4X IDL
RPD: S35.9*

Range: <4X [DL
RPD. S31JI

Range: <4X IDL
RPD: &10*

Range: <4X IDL
RPD: <2I.6*

Range: <4X IDL
RPD: i56.3»

Range <4X [DL
RPD: 576.4*

Range: <4X IDL
RPD: S40*

Ranje: S4X IDL
RPD: 440*

X

:::::::
741

.........

I 2

.........

6.74

790

641

...._.-

4.55

2069

19.29

..._.-.

_.._-.

t

::::
8.52

8 5 3

6.9!

9.3i

8 2 7
....

5.68

I I 87

19.02

_...

_..

.ifltrPi;«tpififi. :•:**
.".'• '••jm

— -

049

..._

o.w

.....

0.6)

0.43

0.55

——

0.91

0.02

0.01

_

._..

•v::.:' • .•••V'.'.-1"! ''':
:::;•' WwaittJ.: •

:s>:U»te'W;*
::^:JJCS<K
-*S<5J*rj>•;:!.;̂ m.:.̂  :;.;:;:•

610.161

71.2-104

11.3-106

76.8-112

tl.7-119

13.2-106

73.6-125

76.6-107

13.9-108

8 IS 103

69.3-128

10.4-122

X CoolnH •;;•.
: Umlts for :'

V : .MS/fei
Recovery

52.9-153

63.7-139
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TABLE 5
SPIKING LEVELS FOR SPIKE SAMPLE ANALYSIS BY ICP

Element

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Lithium
Magnesium
Manganese
Molybdenum
Nickel
Potassium
Selenium
Silicon
Silver
Sodium
Strontium
Thallium
Tin
Titanium
Tungsten
Vanadium
Zinc
Zirconium

Water/Soil
U/g/L)

2,000
5,000
5,000
2,000
50
5,000
50
10,000
200
500
250
1,000
500
200
5,000
500
2,000
500
5,000
5,000
5,000
50
10,000
2,000
10,000
2,000
5,000
5,000
2,000
500
5,000

1 The levels shown indicate concentrations in the final digestate of the spiked sample (100-
mL final volume).
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FIGURE 2
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FIGURE 3
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FIGURE 5
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GRAPHITE FURNACE ATOMIC ABSORPTION

1.0 SCOPE AND APPLICATION

Metals in solution are readily determined by atomic absorption spectroscopy.
As opposed to conventional flame analysis, a greater percentage of available
analyte atoms are vaporized and dissociated for absorption when the furnace
technique is used. Additional advantages of this technique include the use of
smaller sample volumes and the detection of lower concentrations of elements.

This method is applicable to a large number of metals in drinking, surface, and
saline waters and domestic and industrial wastes (see Table 1 for analytes and
reporting limits). Drinking water, ground water, other aqueous samples, TCLP
and EP extracts, industrial wastes, soils, sludges, sediments and other solid
wastes require digestion prior to analysis.

This method is specific to the Perkin-Elmer 3030. The appendix includes
information specific to the PE-5100 and the PE-4100.

2.0 SUMMARY OF METHOD

A mixture of sample is acid digested on a hot plate and evaporated to a low
volume. The digestate is cooled, filtered if necessary, and brought to final
volume with reagent water.

A small aliquot of a sample digestate is placed into the graphite tube in the
furnace. The digestate is then treated thermally. First, a low current heats the
tube to evaporate the sample to dryness. Then at a higher temperature to
destroy organic matter and volatilize other matrix components. Finally, the tube
is heated to incandescence which, in an inert atmosphere, atomizes the element
being determined, forming a ground-state vapor. Radiation from a hollow
cathode lamp or electrodeless discharge lamp, characteristic of the metal
analyte, passes through the ground-state vapor. A photoelectric detector
measures the intensity of transmitted radiation which decreases in proportion
to the concentration of metal analyte in the sample.

3.0 GRAPHITE FURNACE PROCEDURE (PE-3030)

Note: See Appendix to this procedure for operation of the PE-5100 and PE-
4100.

Approvals:

Technical Operations Date ' /Group Leader Date1 XJuafity Assurance Date
Manager t/ Director
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3.1 SAMPLE PRESERVATION

3.1.1 Store all water samples in either plastic or glass bottles preseved with
nitric acid (to pH <2). Samples must be analyzed within six months.

3.1.2 Store all soil samples upreserved in either plastic or glass containers.
Samples must be analyzed within six months.

3.2 SAMPLE PREPARATION

3.2.1 Hot Plate Acid Digestion of Water Samples for Total Metals
Determination

a. Turn on the fume hoods and ensure that there is adequate air
ventilation. Turn on hot plates to allow them to achieve initial
digestion/evaporation temperature while samples are being prepared
for digestion. Set Thermolyne hot plates at approximately 5 and
Lindberg hot plates to 5.5 - 6.0.

b. Shake the sample bottle vigorously to achieve homogeneity.
Immediately transfer 100 mL of the sample to a 150-mL Griffin
beaker using a graduated cylinder.

c. Add 3 mL of concentrated nitric acid (HNO3) and cover with a ribbed
watch glass or similar device.

d. Place beaker on the hot plate in the hood and cautiously evaporate
the sample to a volume of approximately 5 mL.

During evaporation, ensure that the sample does not boil and that no
portion of the bottom of the beaker goes dry. If the sample goes to
dryness, discard the sample and reprepare.

e. Allow the digestate to cool then add another 3-mL volume of
concentrated HNO3. Cover the beaker with a plain watch glass and
place it on the hot plate. Increase the hot plate temperature if
necessary to obtain a gentle reflux action. Reflux for 30 minutes.

f. Cool the beaker and add 10 mL of reagent water. Cover with the
plain watch glass and gently warm the beaker for 15 minutes.
Ensure that any precipitate is dissolved while warming.

g. Cool the beaker. Rinse the watch glass with reagent water,
collecting the washings in the beaker. Rinse the walls of the beaker
with reagent water.

h. If visible solids are observed in any one of the samples in a batch,
filter all digestates within that batch, including the associated quality
control samples as outlined below. Otherwise, proceed to 3.2.1.L
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h.1 Assemble a filter funnel and Whatman #41 filter paper.
Prerinse the filter/funnel apparatus with 1%.HNO3 solution.

h.2 Place a 100-mL volumetric flask under the funnel.
Quantitatively transfer the contents of the beaker into the
prerinsed filter/funnel apparatus with reagent water.

h.3 Rinse the filter paper thoroughly with reagent water. Rinse the
tip of the funnel, collecting the washings in the volumetric
flask. Proceed to 3.2.1.J.

i. If none of the digestates require filtration, quantitatively transfer the
digestate to a 100-mL volumetric flask.

j. Bring the digestate to volume with reagent water and mix thoroughly
by inversion.

k. Transfer the digestate to a prelabeled polyethylene bottle with a
polyethylene-lined cap.

Obtain labels for sample bottles by using LI MS program ALABEL.
This program prints labels, by sample batch, which lists the unique
NUS Laboratory sample number, client, batch number, sample type
(LCS, dup, orig), preparation description, date of preparation, and
initial/final volumes.

3.2.2 Hot Plate Acid Digestion of Solid Samples for Total Metals Determination

a. Turn on the fume hoods and ensure that there is adequate air
ventilation. Turn on hot plates to allow them to achieve initial
digestion/evaporation temperature while samples are being prepared
for digestion. Set Thermolyne hot plates at approximately 5 and
Lindberg hot plates to 5.5 - 6.0.

b. Mix the sample to achieve homogeneity. Weigh a 1.00 ±0.01 g
(wet weight) aliquot of sample into a 150-mL Griffing beaker.
Record the weight to the nearest 0.01 g.

c. Add 10 mL of 1:1 nitric acid (HNO3). Mix the sample to a slurry
consistency and cover with a plain watch glass.

d. Place the beaker on the hot plate in the hood and cautiously reflux
the sample for 15 minutes without boiling.

e. Allow the digestate to cool. Rinse the watchglass with a minimum
of reagent water, collecting the rinsate in the beaker. Then add 5
mL of concentrated HNO3. Place the beaker on the hot plate and
reflux for 30 min.

f. Repeat step 3.2.2.e to complete the oxidation process.
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g. Using a ribbed watch glass, place beaker on the hot plate in the hood
and cautiously evaporate the sample to a volume of approximately
5 mL.

During evaporation, ensure that the sample does not boil and that no
portion of the bottom of the beaker goes dry. If the sample goes to
dryness, discard the sample and reprepare.

h. Cool the beaker and add 2 mL of reagent water and 2.5 mL of 30%
hydrogen peroxide. Cover the beaker with the plain watch glass and
gently warm the beaker to start the peroxide reaction. Heat until
effervescence ceases, then cool the beaker.

CAUTION: Hydrogen peroxide may react vigorously. Care must be taken to
avoid sample losses due to splattering during peroxide reaction.

i. Add 30% hydrogen peroxide in additional 2.5-mL aliquots with
gentle warming until effervescence is minimal or until no change is
observed in the sample's appearance. Do not add more than a total
of 10 mL of 30% hydrogen peroxide to any one sample.

j. Cover the beaker with a ribbed watch glass and reduce the volume
of the digestate to approximately 5 mL on the hot plate. Maintain
a covering of solution on the bottom of the beaker. If any part of
the sample goes to dryness, discard the sample and reprepare. DO
NOT BOIL.

k. Cool the beaker. Rinse the watch glass with a mimimum of reagent
water, collecting the washings in the beaker. Rinse the sides of the
beaker with reagent water.

I. Filter all digestates, including the associated quality control samples,
as outlined above in Section 3.2.1.h.

m. Transfer the digestate to a prelabeled polyethylene bottle with a
polyethylene-lined cap.

Obtain labels for sample bottles by using LIMS program ALABEL.
This program prints labels, by sample batch, which lists the unique
NUS Laboratory sample number, client, batch number, sample type
(LCS, dup, orig), preparation description, date of preparation and
initial/final volumes.

3.3 PRELIMINARY SET-UP

Note: The PE-3030 has two kinds of command keys: hard keys, whose
functions do not change, and soft keys, whose functions change from
mode to mode and from entry to entry within each mode. The current
function for each soft key is displayed on the screen directly above the
key. In this procedure, HARD KEYS are indicated with bold capitals and
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[SOFT KEYS] are indicated with bracketed capitals.

3.3.1 Turn on argon gas (48-55 psi).

3.3.2 Turn on the recirculator (two buttons: temperature and pump),

a. Verify temperature-is set in a range of 5-10°C.

b. Set temperature, if necessary, by turning the temperature dial while
holding down the temperature button.

3.3.3 Turn on the following equipment:

• HGA-600 unit.

• Zeeman background correction unit.

• PE-3030 main instrument.

• Printer. Also, verify that the printer is on-line.

3.3.4 Check that rinse solution is filled and that the waste container is empty.

3.4 ELEMENT PROGRAM SELECTION

Note: The User disk is kept in the PE-3030's disk drive and should not be
removed.

3.4.1 Press USER INDEX. This calls up the main menu from the disk.

3.4.2 Choose the element of interest from the menu. Type in the element
number then press RECALL. This loads the selected element file which
includes the specific slit width and wavelength to be used.

3.4.3 Adjust the slit width and the analytical wavelength using the manual
controls knobs.

Note: Residential well analyses of Sb must be performed on the PE-
5100; see the Appendix for details.

3.5 LAMP INSTALLATION AND ALIGNMENT

3.5.1 Select and install the proper lamp for the appropriate element from
Table 2A. Proceed with either 3.3.1 a or b depending upon the lamp
type as identified in the table.

a . Hollow Cathode Lamp ( H O , ,

a.1 Raise the lamp compartment cover on the 3030.
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a.2 Press PROG. Verify that the lamp current is set to zero before
installing the HC.

a.3 Plug the lamp connector cable into one of the power supply
sockets.

a.4 Install lamp into the turret location corresponding to the
number on the power socket so that lamp is approximately
centered with the window facing the Zeeman furnace.

a.5 Type in proper lamp current from Table 2A.

a.6 Allow the lamp to warm up for a minimum of 5 minutes,

b. Electrodeless Discharge Lamp (EDL)

b.1 Raise the lamp compartment cover on the 3030.

b.2 Verify that lamp current knob is turned off and that the EXT
MOD/CONTINUOUS switch at the rear of the EDL power
supply is set at CONTINUOUS. If not, set them as such.

b.3 Connect the EDL cables to the EDL power supply cables.

b.4 Turn on the EDL Power Supply. Also turn on the lamp current
knob.

b.5 Light the EDL manually by passing another light source near
the EDL window.

b.6 Install the lamp so that it is approximately centered with the
window facing the Zeeman furnace.

b.7 Set energy level listed in Table 2A by adjusting current knob
on the EDL Power Supply.

b.8 Allow the lamp to warm up for a minimum of 30 minutes.

3.5.2 Press SET UP after the lamp has warmed up. Adjust the lamp position
to maximize the energy as indicated by the bar graph on the monitor.
Press GAIN to return the bar graph to an optimum, mid-range level.
Adjust the alignment screws and slide the lamp in and out to maximize
the energy reading.

3.6 FURNACE SET-UP

3.6.1 Press the FURNACE button on the Perkin-Elmer HGA-600. This will
open the furnace chamber.

3.6.2 Remove the graphite tube. Clean the furnace area, including the two
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windows and contact cylinders, with a cotton swab and isopropyl
alcohol.

3.6.3 Check the tube for signs of corrosion and/or flaking. If these signs are
present, replace tube.

Note: It is good practice to replace the tube every day of analysis.

3.6.4 Select the appropriate tube type from Table 2. When PG is specified
(as is the case for all but Sn, V, and Mo analyses), load a L'vov
platform into a new tube as follows:

a. Hold the graphite tube horizontally so that the groves are at the
bottom and the sample introduction hole is at the top.

b. Slide the platform partially into the grooves in the graphite tube.

c. Press down on the insertion tool while pushing the platform into
place. When the platform is correctly inserted it will remain in
position when the tube is turned upside down and gently shaken.

3.6.5 Insert and align the graphite tube into the furnace.

a. Insert the tube into the contact cylinder, so that the sample
introduction hole in the tube lines up approximately with the sample
port.

Note: Make certain that the tube end with the grooves is at the left,
otherwise the sample will be dispensed onto the wall of the
tube and not into the cavity of the platform.

b. Insert the tube alignment tool into the sample port, carefully move
and turn the graphite tube until the tip of the tool goes into the
sample introduction hole in the tube. Do not remove the tool.

c. Close the furnace by pressing FURNACE, then remove the tool.

3.6.6 Condition a new graphite tube, or clean a previously used tube, with a
high temperature bum as follows:

a. Press RUN then press [HGA ON/OFF].

b. Continue dry firing the instrument until the tube is free from
contamination.

3.7 SAMPLE/STANDARD LOADING

3.7.1 Prepare standard solutions. Document the preparation in GFAA
Standards log book. Refer to Table 4 for standard concentrations,
matrix modifiers, and calibration type for the element of interest.
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3.7.2 Place sample digestions and prepared standard solutions linearly on
bench in the order that they are to be loaded onto the.autosampler and
analyzed.

3.7.3 Prepare autosampler as follows:

a. Press [SAMPLER RESET]. This takes autosampler position to zero.

Note: Press this button once only. If this button is pushed during
a run, the autosampler will reset and the run will be lost.

b. Pipette sample/standard into autosampler cup. Add matrix modifier,
if necessary.

c. Load cups into autosampler tray. Verify autosampler loading as
described in NUS Laboratory Procedure AP-013.

3.8 CALIBRATION AND ANALYSIS

3.8.1 Perform the analytical sequence as listed in Table 5. Perform a
minimum of two replicate firings for standardization, QC and sample
analyses. QC criteria are specified in Section 5.

3.8.2 Press PROG. This brings up the first programming mode page. Change
the following three items:

a. Lamp current - enter numeric value from Table 2A (set to zero if
using an EDL).

b. Printer - select SUPPL DATA for supplemental information.

c. Statistics - Select AVG. & SD & CV for the appropriate statistical
evaluation.

3.8.3 Press PROG two more times. This brings up the third programming
mode page. Change sample numbers to read "Sample 01 to 01". Press
[ENTER]

3.8.4 Press the following sequence of keys: RUN, [CHECK], [SAMPLER
ON/OFF], type "1" for starting cup number, PRINT. The instrument will
analyze the calibration curve samples and then analyze the ICV (sample
01).

3.8.5 Verify that calibration is acceptable by averaging each set of replicate
firings (ZAA values). Use a statistical calculator to find the correlation
coefficient of these averages. If calibration is not acceptable, correct
the problem and repeat calibration.

3.8.6 Press DISP CALIB, PRINT SCRN, then PROG twice, PRINT SCRN. This
prints the necessary calibration and element program information.
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3.8.7 Press PROG once more. Enter the final sample cup number in the field
"Sample 01 to _".

3.8.8 Press the following sequence of keys: RUN, [CHECK], "2" (for starting
cup number), [SAMPLER ON/OFF]. The instrument will analyze all of
the samples in the autosampler.

Note: It is important to document the sample numbers, in sequence, at
the start of the run. The computer print-out does not contain the
NUS Laboratory sample numbers.

3.8.9 When sample analyte concentration exceeds the concentration of the
high standard, reanalyze the sample after appropriate dilution. Prepare
sample dilutions with reagent water acidified with 1 mL of HNO3 per
100 mL. Use the least dilution necessary to bring the analyte within the
upper two thirds of the analytical range.

Note: Samples being analyzed for Sb and Sn must be diluted with
reagent water acidified with 1 mL of HN03 and 5 mL HCI per 100
mL.

If the analytical spike of a sample exceeds the high standard while
the sample result does not, and the analytical spike yields an
acceptable recovery in the range of 85-115%, neither the sample
nor the spike requires reanalysis at dilution.

3.8.10 When a low-level sample is analyzed immediately after a very high
concentration sample, particularly for refractory metals, be aware of the
possibility of carryover contamination. Recheck low-level positive
results, as necessary, to ensure the absence of carryover.

3.9 INSTRUMENT SHUT-DOWN

3.9.1 Turn off lamp energy, either by adjusting the EDL Power Knob to zero
(if using an EDL) or by pressing PROG and then entering zero at the
lamp current prompt (if using an HC).

3.9.2 Turn off the PE-3030 main instrument, the Zeeman background
correction unit, the HGA-600 unit, the printer and the EDL Power Supply
(if used).

3.9.3 Turn off the recirculator, both buttons.

3.9.4 Leave the inert gases on unless the instrument is being shut down for
an extended period of time.

3.9.5 Turn the EXT MOD/CONTINUOUS switch at the rear of the EDL power
supply to CONTINUOUS. s-/
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3.10 CALCULATIONS

3.10.1 Read the metal value in mg/L (i.e., the average of the two firings)
directly from the instrument printout.

3.10.2 For aqueous samples report metal concentrations in mg/L using the
following equation:

Metallmg/u = AxFV

where.4 = metal in mg/L of sample digestate from calibration curve
FV = final volume of dilution (= 1 if no dilution)
IV = initial volume of sample (= 1 if no dilution)

3.10.3 For solid samples report metal concentrations as mg/kg, wet or dry
weight, using the equation(s) below:

a. Solid samples - wet weight:

Metal(mg/kgw^ = AxV

where A = metal in mg/L of sample digestate from calibration curve
V = final volume of sample digestate in ml
W = wet weight of sample in grams

M e t a l = Metaltmgflvw^x 1 0 0

b. Solid samples - dry weight:

x
% solids

4.0 DATA COLLECTION

4.1 Document the following information in a bound lab notebook for each set of
acid digestions performed. Entries must be made at the time of digestion. An
example logbook entry is shown in Figure 1 and briefly described below:

• preparation method (PM) code.

• date/time performed and analyst(s) signature(s)/employee number(s).

• NUS Laboratory sample number and aliquot. Identify any quality control
samples (method blank, LCS, dup/MS).

• spiking standards, by standard identification number and volumes used.

• batch number.

4.2 Document all data in a bound lab notebook and on the printed worklist for each
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set of analyses performed. Entries must be made at the time of analysis.

4.2.1 BOUND LABORATORY NOTEBOOK (see Figure 2)

Document the following:

• brief description of test and analyte.

• instrument number (e.g., PE-3030).

• standard reference number.

• matrix modifier, if any.

• sample aliquot.

• NUS Laboratory sample numbers with appropriate dilutions, spikes
and comments, if any. Identify any lab quality control samples
(method blanks, duplicates, MS/MSDs, LCSs, etc.).

• date/time analysis started and analyst(s) signature(s).

4.2.2 PRINTED WORKSHEET (see Figure 3)

Document the following:

• date/time analysis started and analyst(s) employee number(s).

• instrument number and run file.

• sample cup numbers and results, with units, taken from computer
printout (see Figure 3).

• book and page reference to data in bound lab notebook.

4.3 Forward the following to data management from each analytical run:

• preparation raw data, including standards/spiking solutions preparation pages.

• analytical raw data, including logbook page(s), worksheet/assignment sheets,
and instrument printouts.

• description of problems encountered and actions taken during sample
preparation and analysis on corrective action records.

• initial and continuing calibration files from the instrument software system.

• sample and associated quality control sample files (method blanks, MS/MSDs,
LCSs) from the instrument software system.
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• any instrument maintenance documented in the instrument maintenance log.

5.0 QUALITY CONTROL

5.1 INSTRUMENT CONTROL CHECKS

5.1.1 Initial Calibration Verification (ICV)

Verify and document the accuracy of the initial calibration by analyzing
an initial calibration verification standard, independent of the calibration
standard, immediately after instrument calibration.

When measurements exceed the control limits of 90-110%, terminate
analysis and correct the problem which may be due to instrument set-
up or function and/or accuracy of the standard materials. Recalibrate
the instrument and verify the calibration before proceeding with the
analysis sequence.

5.1.2 Initial Calibration Blank (ICB)

Analyze an initial calibration blank immediately after the ICV.

If the absolute value of the blank result exceeds the reporting limit,
terminate analysis, correct the problem, recalibrate, and verify the
calibration.

5.1.3 Reporting Limit Standard

Analyze a standard at the reporting limit, following the ICB, to verify
that the instrument has adequate sensitivity. The response for this
standard must be discernible from the ICB; that is, it must yield a
recovery at greater than 50%. If less than a 50% recovery is observed,
repour and reanalyze the reporting limit standard and/or troubleshoot the
analysis or calibration until the cause is corrected.

5.1.4 Continuing Calibration Standard (CCS)

Analyze a mid-range standard for continuing calibration, after each set
of 10 analyses and at the end of each run, to ensure calibration
accuracy during each run.

Recovery limits for CCS are 85.0-115% for routine analysis samples and
90.0-110% for NPDWR compliance monitoring and New Jersey
samples. If CCS acceptance limits are not met, terminate analysis,
correct the problem, recalibrate, and verify the calibration. Reanalyze
all field and quality control samples analyze since the last acceptable
ICV or CCS standard.
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5.1.5 Continuing Calibration Blank (CCB1

Analyze a calibration blank after each CCS standard.

If the absolute value of the blank result exceeds the reporting limit,
terminate analysis, correct the problem, recalibrate, and verify the
calibration. Reanalyze all field and quality control samples analyzed
since the last acceptable calibration blank.

5.1.6 Single Spike Analysis

Perform a single-point, post-digestion spike analysis on each field sample
to check for sample matrix interference (the quality control sample may
be excluded).

For most elements, spike post-digestion spikes at a concentration equal
to the midpoint of the graphite furnace calibration curve for each
element. Cadmium is spiked at 0.005 mg/L. Analyze the spike
immediately following the original sample analysis.

Depending on the original sample result, follow a, b, or c to evaluate the
single spike results.

Note: For the analysis of lead and selenium on drinking water samples.
recovery of the analytical spike must be 85-115%. Recovery
outside this range requires analysis by method of standard
additions as outlined in Section 5.5.

a. The original sample yields a result less than two times the reporting
limit:

a.1 If analytical spike recovery is between 85 and 115%, report
the sample result.

a.2 If analytical spike recovery is between 50 and 85% or 115 and
150%, report the sample result correcting for the analytical
spike recovery. Qualify the data with the following comment
for that sample:

A single-point, post-digestion spike was performed on this
sample analyte. The sample result is corrected for the
recovery of the spike on this analyte.

a.3 If the analytical spike recovery is less than 50% or greater
than 150%, dilute the sample by a factor of 2 to 5, depending
upon the background correction and/or recovery. Repeat both
the spiked and unspiked analyses on the diluted aliquot.

a.3.1 If recovery of the analytical spike in the diluted aliquot
is greater than or equal to 50%, report the result,
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corrected for the dilution.

a.2.2 If analytical spike recovery is again less than 50%,
report the result, corrected for the dilution and the
recovery of the analytical spike. Flag the data with the
following comment:

Recovery of the graphite furnace analytical spike was
less than 50%, indicating the presence of a matrix
interference. The result, although corrected for the
recovery of the analytical spike, is estimated because
of the presence of this interference.

b. The original, undiluted sample result is greater than or equal to two
times the routine reporting limit:

b.1 If recovery of the analytical spike is 85-115%, report the
unspiked sample result. The sample result must fall within the
calibration range, although the analytical spike may exceed the
high standard provided it recovers within the 85-115% range.

b.2 If recovery of the analytical spike is between 50-85% or
between 115-150%, report the unspiked result correcting for
the recovery of the analytical spike. Qualify the data with the
following comment for that sample:

A single-point, post-digestion spike was performed on this
sample analyte. The sample result is corrected for the
recovery of the spike on this analyte.

b.3 If recovery of the analytical spike is less than 50% or greater
than 150%, dilute the sample by a factor of 2-5, and
reanalyze by the method of standard additions as outlined in
Section 5.5.

c. The original sample result was over the calibration range and the
sample was diluted for reanalysis. The diluted sample result is greater
than or egual to two times the routine reporting limit:

c.1 If recovery of the analytical spike is 85-115%, report the
unspiked sample result corrected for the dilution.

c.2 If recovery of the analytical spike is not 85-115%, dilute the
sample further by a factor of 2-5, if necessary, and reanalyze
by the method of standard additions as outlined in Section 5.5.
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5.2 SAMPLE PREPARATION CONTROL CHECKS

5.2.1 Preparation Blank (PB) Analysis

A preparation blank, consisting of reagent water processed through
sample preparation, is prepared and analyzed with each batch of up to
20 samples digested at the same time.

Evaluate the preparation blank results as follows:

a. If the concentration of the blank is less than or equal to the routine
reporting limit, the blank is acceptable.

b. If any analyte concentration in the blank is above the routine
reporting limit, all samples associated with the blank with the
analyte's concentration less than 10x the blank concentration and
above the routine reporting limit, must be redigested and reanalyzed
for that analyte. Do not correct the sample concentration for the
blank value.

c. If the concentration of the blank is below the negative routine
reporting limit, troubleshoot the instrument.

5.2.2 Laboratory Control Sample (LCS) Analysis

A laboratory control sample measures the accuracy of laboratory
process. A laboratory control sample is prepared and analyzed for all
target analytes for each matrix (water or solid/waste) with each batch
of up to 20 samples digested together.

The aqueous LCS spiking solution must be independent (i.e., from a
different lot) from the calibration standards.

The solid/waste LCS is a solid reference material. If an analyte of
interest is not present in a reference material, spike the analyte into the
LCS from a source independent of the calibration standards.

If the percent recovery for an LCS falls outside the control limits,
redigest and reanalyze the samples associated with that LCS for the
analyte(s) in question. Table 6 lists the current LCS limits for the PE-
3030 and 5100. These statistically-based limits are updated semi-
annually and subject to change.

Waters analyzed on the PE-4100 have a default control limit of 75 -
125%; solids have the following limits: Sb (42.7 - 467%), Cd (58.4 -
140%), Cr (59.0 - 138%), Pb (53.0 - 140), Ag (40.4 - 146), and Tl
(48.4- 153).
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5.2.3 Pre-diqestion Spike Sample Analysis

The spike sample analysis provides information about the effect of the
sample matrix on the digestion and measurement procedures. Perform
at least one spike sample analysis for every batch of 10 samples
digested at the same time. Add the spike before digestion, prior to the
addition of other reagents.
Calculate individual component percent recoveries (%R) as follows:

% Recovery = fSSft - SR) x 100
SA

where SSR = Spiked Sample Result
SR = Sample Result
SA = Spike Added

Note: When the sample concentration is less than the reporting limit,
use SR = 0 for purposes of calculating % Recovery.

If the spike recovery is not within the limits of 75-125%, qualify the
data for that sample as follows:

This sample was analyzed as a matrix spike. Recovery of the spike
was [fill in the recovery] indicating the presence of a matrix interference.

When the sample concentration exceeds the spike concentration by a
factor of four or more, flag the spike recovery as follows:

Sample concentration greater than four times spike concentration.
Disregard matrix spike recovery value.

5.2.4 Duplicate Sample Analysis

The duplicate sample provides information about the reproducibility of
graphite furnace results.

Prepare and analyze one duplicate sample for every 10 samples in a
batch digested at the same time.

For results less than five times the reporting limit, and for results in
which one falls above five times the reporting limit and one falls below,
use a control limit of ±2 x IDL or 20% for waters (±4 x IDL or 40%
for soils).

For results greater than five times the reporting limit, calculate the
relative percent difference (RPD) as follows:

RPD = \S-D\ x 100
(S + D)/2
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where RPD = Relative Percent Difference
S = First Sample Value (original).
D = Second Sample Value (duplicate)

Limits for precision are listed in Table 6. However, precision limits
default to 20% for waters (40% for soils) when the relative error in
the reportable sample results exceeds the specified precision limits.
Also use these default limits for the PE-4100. The statistically-based
limits are updated semi-annually and subject to change.

When precision is unacceptable, reanalyze the duplicate sample. If it
remains nonconforming, redigest and reanalyze 25% of the positive
results. If reanalysis results do not yield acceptable precision, redigest
and reanalyze all samples and report the reanalysis results.

5.3 DETECTION LIMIT DETERMINATION

5.3.1 Instrument Detection Limit (IDL)

Determine instrument detection limits for each instrument used, at least
quarterly (every 3 calendar months) for CLP TAL analytes. The IDLs
must be less than or equal to the reporting limits.

Determine the Instrument Detection Limits in mg/L as follows:

• Prepare a standard solution of each analyte in reagent water at a
concentration 3-5x the manufacturer's suggested IDL initially, then
3-5x the detection limit thereafter.

• Perform seven consecutive measurements of the standard on three
nonconsecutive days (thereby obtaining 3 sets of 7 measurements).

Perform each measurement as if it were a separate analytical sample.

Calculate the standard deviation (SD) for each set of seven
measurements.

• Average the standard deviation values.

• Calculate the IDL (mg/L) by multiplying the average SD by 3.

If the instrument is adjusted in anyway that may affect the IDL,
redetermine the IDL.

5.3.2 Method Detection Limit (MOD

Perform method detection limit studies annually for all analytes. See
NUS Laboratory Procedures AP-024, Method Detection Studies.
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5.4 DILUTION ANALYSIS

Perform dilution analysis, at client request, to identify matrix interference, as
follows:

5.4.1 Withdraw two equal aliquots from the sample. To one of the aliquots,
add a known amount of analyte and di.lute both aliquots to the same
predetermined volume.

• The dilution volume should be based on the analysis of the undiluted
sample. Preferably, the dilution should be 1:4, while keeping in mind
that the diluted value should be at least 5 times the instrument
detection limit.

• Under no circumstances should the dilution be less than 1:1.

5.4.2 Analyze the diluted aliquots.

5.4.3 Compare the unspiked results, multiplied by the dilution factor, to the
original determination.

Agreement of the results within 10% indicates the absence of
interference. Comparison of the actual signal from the spike with the
expected response from the analyte in an aqueous standard should help
confirm the finding from the dilution analysis.

5.5 METHOD OF STANDARD ADDITIONS

When requested or as indicated in Section 5.1.6 above, the method of standard
additions (MSA) is used to compensate for matrix effects. MSA involves the
analysis of an unspiked aliquot of sample and three additional aliquots spiked
at varying levels. The unspiked sample result must be at least 5 times the
reporting limit, whenever possible. All of the spiked aliquots must be within the
linear range.

The method of standard additions is performed as follows:

5.5.1 Keep dilutions at a minimum. Larger or successive dilutions may be
required if severe matrix interference is encountered (i.e., very low or
no spike recovery).

5.5.2 Begin MSA by preparing and analyzing one unspiked (0 ADD) aliquot.

5.5.3 Based on the 0 ADD result, determine the appropriate spiking levels:

a. 0 ADD result ^ 10 x RL: Prepare three additional spikes at
approximately 50%, 100% and 150% of the concentration of the
unspiked (0 ADD) aliquot. Maintain the volume of sample and final
volume in the 0 ADD aliquot throughout all spikes.
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Calculate the x-intercept, slope, and correlation coefficient of the
best fit line using a calculator having these statistical capabilities.
If the correlation coefficient of the MSA is greater than or equal to
0.995, calculate the final result by multiplying the absolute value of
the x-intercept by the dilution factor. If the correlation coefficient
is less than 0.995, repeat the MSA once, employing additional
dilution if deemed necessary. If the correlation coefficient on the
second MSA is again less than 0.995, calculate a result from the
MSA with the better correlation, and flag the data as follows:

Result was obtained by the method of standard addition, A linear
correlation could not be established. Matrix interference is
suspected.

b. RL ̂  0 ADD result < 10 x RL: Prepare three additional spikes at 5,
10 and 15 times the detection limit, whenever linear range permits.
Maintain the volume of sample and final volume in the 0 ADD aliquot
throughout all spikes.

Calculate the x-intercept, slope, and correlation coefficient of the
best fit line using a calculator having these statistical capabilities.
If the correlation coefficient of the MSA is greater than or equal to
0.995, calculate the final result by multiplying the absolute value of
the x-intercept by the dilution factor. If the correlation coefficient
is less than 0.995, repeat the MSA once. If the correlation
coefficient on the second MSA is again less than 0.995, calculate
a result from the MSA with the better correlation, and flag the data
with the note described in step a, above.

c. 0 ADD result < RL: Prepare two additional spikes at 5 and 10 times
the detection limit, whenever linear range permits. Maintain the
volume of sample and final volume in the 0 ADD aliquot throughout
all spikes.

If recovery of either spike is <40%, prepare the 0 ADD aliquot and
two additional spikes, employing an additional 5 or 10 fold dilution.
If recovery is still <40%, report the result of the largest dilution.
Flag the data with the following:

Result was obtained by the method of standard addition. Although
the reported result is below the detection limit, spike recovery was
less than 40% - matrix interference is suspected.

6.0 INTERFERENCES

6.1 Soil/sediment/sludge samples are diverse and complex matrices. Both the LCS
and the matrix spike samples are analyzed to evaluate the acid digestion
procedure's effectiveness for a given waste type.

6.2 Glassware must be scrupulously clean to prevent cross contamination at trace
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levels. Griffin beakers should be replaced periodically as they tend to etch and
hold traces of contamination.

6.3 Though the problem of oxide formation is greatly reduced with furnace
procedures because atomization occurs in an inert atmosphere, the technique
is still subject to chemical interferences. The composition of the sample matrix
can have a major effect on the analysis. It is those effects which must be
determined and taken into consideration in the analysis of each different matrix
encountered.

To verify the absence of matrix or chemical interference, post-digestion spiking
is used. Treat samples that indicate the presence of interference in one or more
of the following ways:

• Analyze the sample by the method of standard additions.

• Successively dilute and analyze the samples to eliminate interferences.

• Modify the sample matrix either to remove interferences or to stabilize the
analyte. Addition of ammonium nitrate removes alkali chlorides; addition of
ammonium phosphate retains cadmium. Mixing hydrogen with the inert purge
gas aids in molecular dissociation through chemical reduction.

6.4 Gases generated in the furnace during atomization may have molecular
absorption bands encompassing the analytical wavelength. Zeeman background
correction is employed. Background correction may also compensate for
nonspecific broad-band absorption interference.

6.5 Interference from a smoke-producing sample matrix can be reduced by
extending the charring time at a higher temperature or utilizing an ashing cycle
in the presence of air. Use care to prevent loss of the analyte.

6.6 Oxidize samples containing large amounts of organic materials by conventional
acid digestion before analyzing in the furnace to minimize broad-bank
absorption.

6.7 Anion interference studies in the graphite furnace indicate that, under conditions
other than isothermal, the nitrate anion is preferred. Therefore, nitric acid is
preferable for any digestion or solubilization step. Minimize the amount of other
acids used in addition to nitric, particularly hydrochloric and, to a lesser extent,
sulfuric and phosphoric acids. The exception here is Sb and Sn analyses, which
require digestion and dilution with hydrochloric acid.

6.8 Carbide formation resulting from the chemical environment of the furnace has
been observed. Reduce carbide formation and increase sensitivity with the use
of pyrolytically coated graphite tubes.

6.9 Spectral interference can occur when an absorbing wavelength of an element
present in the sample but not being determined falls within the width of the
absorption line of the element of interest. The results of the determination will
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then be erroneously high, due to the contribution of the interfering element to
the atomic absorption signal.

Interference can also occur when resonant energy from another element in a
multielement lamp, or from a metal impurity in the lamp cathode, falls within
the bandpass of the slit setting when that other metal is present in the sample.
Reduce this type of interference by narrowing the slit width.

6.10 Contamination of the sample can be a major source of error because of the
extreme sensitivities achieved with the furnace. The following precautions are
necessary to reduce contamination interference:

• Keep the sample preparation work area scrupulously clean.

• Clean all glassware as directed in the glassware cleaning procedure, AP-018.

• Soak pipet tips suspected of contamination with 1:5 HN03 and rinse
thoroughly with tap and reagent water.

Note: Pipet tips are a frequent source of contamination. The use of a better
grade of pipet tip can greatly reduce this problem.

• Give close attention to reagent blank results.

• Clean the pyrolytic graphite tube before use with five to ten high-temperature
burns.

6.11 Memory effects occur when the analyte is not totally volatized during
atomization. This condition depends on several factors: volatility of the
element and its chemical form, whether pyrolytic graphite is used, the rate of
atomization, and furnace design. Clean the tube by operating the furnace at full
power for the required time period, as needed, at regular intervals during
analysis.

7.0 SAFETY PRECAUTIONS

7.1 Wear a lab coat and safety glasses with side shields at all times while
performing this procedure. Wear gloves to avoid skin contact with acids,
bases, organic solvents and possible toxicants used as reagents or contained
in the samples for analysis.

7.1.1 Should skin or eye contact occur, flush the exposed area(s) with large
amounts of water and seek immediate medical attention.

7.1.2 Never pjpet materials bv mouth. Use a rubber bulb or other approved
suction device to transfer materials by pipet.

7.2 Handle and store all reagents in accordance with the precautions listed on the
Material Safety Data Sheets (MSDS).
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7.2.1 Consult the MSDS for each reagent listed in this procedure before use.
The MSDS will provide pertinent information on -toxicity, safety
precautions and storage conditions.

7.2.2 Always consult the label on the reagent bottle for up-to-date information
on safety precautions during handling, preferred storage conditions and
expiration data.

7.2.3 Label all flasks, vials, etc., with the intended contents prior to filling.
Follow established laboratory procedure in completing and affixing
labeling information to equipment.

7.3 Avoid breathing solvent and standard solution vapors. If overexposure to
vapors should occur, seek fresh air and immediate medical attention.

7.4 Handle all glass equipment with care.

7.5 When preparing dilute solutions of concentrated acids, ALWAYS ADD ACID to
WATER.

7.6 Perform all acid digestions under an operating fume hood.

8.0 APPARATUS AND MATERIALS

8.1 Griffin beakers: 150-mL capacity, or equivalent glassware.

Note: Beakers will tend to etch over time and should be replaced periodically.

8.2 Watch glasses: ribbed and plain, or similar covers.

8.3 Pioets: Volumetric class A, assorted sizes.

8.4 Filter paper: Whatman #41.

8.5 Filter funnels.

8.6 Graduated cylinders: 100-mL capacity. Verify that the volumetric accuracy is
within 2% upon receipt of new graduates.

8.7 Volumetric flasks: 100-mL, class A.

8.8 Hot plate: Thermolyne, Lindberg, or equivalent.

8.9 Atomic absorption spectrometer: Perkin-Elmer 3030, Perkin-Elmer 5100, Perkin-
Elmer 4100, or equivalent.

8.10 Graphite furnace: Perkin-Elmer HGA-600,or equivalent.

8.11 Graphite furnace tubes: CPI, PE, or equivalent.
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8.12 Contact cylinders: PE, for Zeeman furnaces (3030/5100); PE THGA (4100)

8.13 Autosampler: Perkin-Elmer AS-60, Perkin-Elmer AS-70, or equivalent.

8.14 Electrodeiess discharge lamps (EDL): Single element lamps used for As, Se, and
Pb analyses.

8.15 Hollow cathode lamps (HO: Single element lamps.

8.16Mircpliter pioets: With disposable tips. Sizes can range from 5 to 1000 /jL as
required.

Note: Pipet tips should be checked as a possible source of contamination prior
to their use.

8.17 Pressure-reducing valves: Maintain the argon supply at a pressure somewhat
higher than the controlled operating pressure of the instrument by suitable
valves.

8.18 Conical sample CUPS: Clear polystyrene, unsterile.

8.19Recirculator: Brinkmann RM 20 Lauda

8.20 Cotton Swabs.

9.0 REAGENTS

9.1 Reagent water: Deionized water passed through a mixed bed resin column. Use
reagent water for the preparation of all reagents and calibration standards and
as dilution water.

9.2 Nitric acid (HNCy 1:1): Trace metals grade acid certified for AA use. Prepare
a 1:1 dilution with reagent water by adding the concentrated acid to an equal
volume of water.

9.3 Hydrochloric acid (HCI. 1:1): Trace metals grade acid certified for AA use.
Prepare a 1:1 dilution with reagent water by adding the concentrated acid to
an equal volume of water.

9.4 Hvdroaen peroxide (H;O3. 30%): ACS grade, 30% solution.

9.5 Araon gas: Prepurified grade.

9.6 Stock standards for each analyte metal: purchased commercially. Standards
must be suitable for GFAA analysis and traceable to MIST standards.

Matrix spikes and laboratory control samples, as identified in Section 5.0, are
prepared by spiking 0.50 ml of the following solutions, as necessary for the
appropriate analytes, into 100-mL sample or reagent water aliquots.
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9.6.1 GFAA Spiking Cocktails: purchased premade from High Purity, or
equivalent. All cocktails are 5% HNO3 by volume. -See Table 1 for
concentrations.

a. GFAA A: Al, Be, Cd, Cr, Cu, Fe, Mn, Mo, Pb, Tl, V

b. GFAA B: Sn

9.6.2 GFAA Silver Standard: a 10 ppm working standard for silver is prepared
by diluting 2.0 mL of a 1000 ppm stock silver standard to 200 ml_ in
a volumetric flask with 2% HNO3. The working standard is transferred
to a clean, brown glass bottle, labeled and dated. This working
standard expires in 1 month.

Note: Pipettes are NOT to be inserted into either the stock silver
standard or the working standard. To obtain aliquots, pour small
amounts of the standard into separate disposable cups and ppet
aliquots from these cups. Discard any excess standard
remaining in the disposable cups. DO NOT RETURN EXCESS to
original standard container.

9.7 Calibration and detection limit standards: See Table 4 for standards
concentrations.

Standard solutions are acidified as follows:

• As/Se in 1 % HNO3 and 2% H2O2.

• Sb in 5% HN03 and 2.5% HCI for soils.
Sb in 1 % HNO3 and 5% HCI for waters.

• All other analytes in 1 % HN03.

9.8 Calibration blank/dilution water: Reagent water acidified to specifications listed
in Section 10.7, above.

9.9 Isopropvl alcohol: Reagent grade.

9.10 Matrix Modifiers: Purchase stock chemicals commercially; Cadmium modifier
must be purchased from Fluka.

Use 100 fjL of the appropriate modifier to 1000 fjL of sample.

9.10.1 Arsenic/Selenium Modifier - Nickel Nitrate:

Prepare working solution by dissolving 24.78 g nickel nitrate in
approximately 300 mL reagent water using a 500-mL volumetric flask.
Dilute to volume with reagent water.
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9.10.2 Chromium Modifier - Calcium Nitrate:

Prepare stock solution by dissolving 11.8 g calcium nitrate in
approximately 70 mL reagent water using a 100-mL volumetric flask.
Dilute to volume with reagent water. Prepare working solution by
making a 10x dilution of the stock solution using reagent water.

9.10.3 Cadmium Modifier - Diammonium Hydrogen Phosphate:

Prepare working solution by dissolving 8.0 g of diammonium hydrogen
phosphate in approximately 70 mL reagent water using a 100-mL
volumetric flask. Dilute to volume with reagent water.

9.10.4 Lead Modifier - Lanthium Nitrate:

Prepare working solution by dissolving 5.8 g of lanthium oxide in 10.0
mL of HN03 using a 100 mL volumetric flask. Dilute to volume with
reagent water.

10.0 REFERENCES

10.1 U.S. EPA. "Methods for Chemical Analysis of Water and Wastes," EPA-600/4-
79-020, revised March, 1983. 200-series Methods.

10.2 U.S. EPA. "Test Methods for Evaluating Solid Waste-Physical/Chemical
Methods," SW-846, 1986. 7000-series Methods.

10.3 American Public Health Association. Standard Methods for the Examination of
Water and Wastewater. 17th Edition, 1989. Method 3113-B.
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TABLE 1
GRAPHITE FURNACE ATOMIC ABSORPTION REPORTING.LIMITS

Metal Reporting Limit
(mg/L) (mg/kg)

Aluminum
Antimony
Antimony (residential well analysis)
Arsenic
Arsenic (residential well analysis)
Beryllium
Cadmium
Chromium
Copper
Iron
Lead
Molybdenum
Selenium
Silver
Thallium
Tin
Vanadium

0.003
0.01
0.005*
0.003
0.002
0.0005
0.0005
0.001
0.002
0.002
0.002
0.002
0.004
0.0005
0.002
0.005
0.004

0.3
1
—
0.3
—
0.05
0.05
0.1
0.2
0.2
0.2
0.2
0.4
0.05
0.2
0.05
0.4

This limit involves a double injection of sample (PE-5100 only).
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TABLE 2A
GFAA PERKIN-ELMER 3030 OPERATING CONDITIONS

Element

Aluminum

Antimony

Arsenic

Beryllium

Cadmium

Chromium

Copper

Iron

Lead

Molybdenum

Selenium

Silver

Thallium

Vanadium

UMT
Program
ttame/f

AL

SB

AS

BE

CD

CR

CU

FE

PB

MO

SE

AG

TL

V

Wavelength
(nm)

309.3

217.6

193.7

234.9

228.8

357.9

324.7

248.3

283.3

313.3

196.0

328.1

276.8

318.4

Silt
(nm)

0.7

0.2

0.7

0.7

0.7

0.7

0.7

0.2

0.7

0.7

0.7

0.7

0.7

0.7

Lamp
Type/

Currant1

HC/25

HC/20

EOL/8

HC/30

HC/4

HC/25

HC/15

HC/30

EDL/10

HC/30

EDL/6

HC/10

HC/20

HC/30

Tim* (MO)

hitog.

3

5

5

5

7

4

4

4

4

12

4

5

5

5

Display

3

5

5

5

7

5

4

6

5

4

4

5

4

5

Graphite
Tube
Type4

PG

PG

PG

PG

PG

PG

PG

PG

PG

PU

PG

PG

PG

PU

Autosampler
Volume (ML)

20

10

30

20

10

15

20

20

20

10

30

20

25

15

Rollover
Absorbance

1.000

3.000

1.000

1.00

1.00

1.30

1.00

1.00

1.00.———— ̂
2.00

1.00

1.00

1.50

1.00

1 Lamp type - HC = Hollow cathode; EDL = Electrodeless Discharge Lamp
2 Graphite tube type - PG = Pyrocoated, graved; PU = Pyrocoated, ungrooved; NPG = Non-

pyrocoated, grooved; NPU = Non-pyrocoated, ungrooved

NOTE: The following operating conditions apply to all of the above elements:

Gas type - Argon, 53 psi at regulator
Signal Processing - Peak Area
Analysis Mode - Zeeman
Furnace Cooling Method - Tap water or Recirculator, if available
Replicates - 2
Screen Format - Basic data; Supplimental data (calibration only)
Statistics - Average, standard deviation, and coefficient of variation
Blank, Standard, Sample Units - mg/L
Print - Main values; Main values and supplemental data (calibration only)
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TABLE 2B
6FAA PERKIN-ELMER 5100 OPERATING CONDITIONS

Element

Aluminum

Antimony

Arsenic

Beryllium

Cadmium

Chromium

Copper

Iron

.ead

Selenium

Silver

Thallium

Tin

User
Program
Name/*

ALDL

SBDL

ASDL

BEDL

COOL

CRDL

CUDL

FEDL

PBDL

SEDL

AGDL

TLDL

SNDL

Wavelength
(nm)

309.3

217.6

193.7

234.9

228.8

357.9

324.7

248.3

283.3

196.0

328.1

276.8

286.3

Silt
(nm)

0.7

0.2

0.7

0.7

0.7

0.7

0.7

0.2

0.7

2.00

0.7

0.7

0.7

Lamp

Current1

HC/25

HC/20

EOU6

HC/30

HC/4

HC/25

HC/15

HC/30

EDL/7.5

EDL/4

HC/10

HC/20

HC/30

Time (sec)

Integ.

5

5

5

5

5

4

5

5

4

7

5

5

5

Display

5

5

5

5

5

5

5

5

5

7

7

7

—

Graphite
Tube
Type8

PG

PG

PG

PG

PG

PG

PG

PG

PG

PG

PG

PG

NPU

Autosampler
Volume (pL)

20

10

30

15

10

20

15

20

20

30

20

20

40

Rollover
Absorbance

1.00

3.000

1.00

1.00

1.00

1.30

1.00

1.00

1.40

1.40

1.00

1.50

1.50

1 Lamp type - HC = Hollow cathode; EDL = Electrodeless Discharge Lamp
2 Graphite tube type - PG = Pyrocoated, graved; PU = Pyrocoated, ungrooved; NPG = Non-

pyrocoated, grooved; NPU = Non-pyrocoated, ungrooved

NOTE: The following operating conditions apply to all of the above elements:

Gas type - Argon, 53 psi at regulator
Signal Processing - Peak Area
Analysis Mode - Zeeman
Furnace Cooling Method - Tap water
Replicates - 2
Screen Format - Basic data; Supplimental data (calibration only)
Statistics - Average, standard deviation, and coefficient of variation
Blank, Standard, Sample Units - mg/L
Print - Main values; Main values and supplemental data (calibration only)
Save All Data - Yes
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TABLE 2C
GFAA PERKIN-ELMER 4100 OPERATING CONDITIONS

Element

Antimony

Cadmium

Chromium

Lead

Silver

Thallium

User
Program
Name/*

SBDL

CDDL

CRDL

PBDL

AGDL

TLDL

Wavelength
(ran)

217.6

228.8

357.9

283.3

328.1

276.8

SIH
(nm)

0.2

0.7

0.7

0.7

0.7

0.7

Lamp
Type/

Current1

HC/20

HC/4

HC/25

HC/10

HC/10

HC/20

Time (see)

Integ.

5

5

4

4

5

5

Display

5

5

5

5

7

7

Graphite
Tube
Type*

PG

PG

PG

PG

PG

PG

Autosampler
Volume (uL)

20

10

20

20

20

20

Rollover
Absorbance

2.0

1.00

1.30

1.40

1.00

1.50

1 Lamp type - HC = Hollow cathode; EDL = Electrodeless Discharge Lamp
2 Graphite tube type - PG = Pyrocoated, graved; PU = Pyrocoated, ungrooved; NPG = Non-

pyrocoated. grooved; NPU = Non-pyrocoated, ungrooved

NOTE: The following operating conditions apply to all of the above elements:

Gas type - Argon, 53 psi at regulator
Signal Processing - Peak Area
Analysis Mode - Zeeman
Furnace Cooling Method - Tap water or Recirculator, if available
Replicates - 2
Screen Format - Basic data; Supplimental data (calibration only)
Statistics - Average, standard deviation, and coefficient of variation
Blank, Standard, Sample Units - mg/L
Print - Main values; Main values and supplemental data (calibration only)
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TABLE 3A
GFAA PERKIN-ELMER 3030 TEMPERATURE PROGRAM1

Element

Aluminum

Antimony

Arsenic

Beryllium

Cadmium

Chromium

Copper

Step

1
2
3
4
5
6
1
2
3
4
5
1
2
3

4
5
1
2
3
4
5
1
2
3
4
5
1
2

3
4
5
1
2
3
4
5

Fwnscs
Temperature

CC)
200
1100
20

2500
2700
20
170
1100
20

2500
2700
150
1100
20

2400
2500
150
900
20

2500
2600
160
700
20

1600
2400
150
1000

20
2500
2700
150
1000
20

2500
2600

Tlnw(MC)
Ramp

30
10
1
0
1
1
10
5
1
0
1
10
10
1

0
2
25
30
1
0
1
5
5
1
0
1
5
5
1
0
2
10
10
1
0
2

Hold

20
20
1
3
2
1

30
20
5
5
5
30
20
5

5
3
25
30
5
4
5
30
20
5
7
3
30
30

5
4
3
20
20
5
4
4

Internal Qas
Flow

300
300
300
0

300
300
300
300
300
20
300
300
300
300

0
300
300
300
300
0

300
300
300
300
50
300
300
300

300
100
300
300
300
300
0

300

QaaTypa
(Nor A)

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

Read

*

*

*

*

*

*
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TABLE 3A (CONT'D)
GFAA PERKIN-ELMER 3030 TEMPERATURE PROGRAM1

BMflMfll

Iron

Lead

Molybdenum

Selenium

Silver

Thallium

Vanadium

Step

1
2
3
4
5
6

7
1
2

3
4
5
1
2
3
4
5
6
7
1

2
3
4
5
1
2
3
4
5
1
2
3
4
5

1
2
3
4
5

Furnace
Temperature fC)

80
250
1000
20

2400
2700

20
170
900
20

1800
2400

150
1100
20

2700
2800
20

2800
150

1100
20

2200
2500
200
700
20

2100
2500
170
300
20

1400
2500
150
1100
20

2700
2700

Tim* (see)
Ramp

2
30
30
1
0
2

2
10
5
1
0
2

20
10
1
0
2
1
2
10

10
1

0
2
10
10
1
0
1
10
5
1
0
2

20
10
2
0
1

ft&Mljlnora

0
30
30
5
4
3

10

30
30
5
4
3

20
20
5
12
5
5
5

40

20

5
4
3
30
30
5
5
2
30
10
5
5
3
20
20
5
5
5

Internal Qas
How

300
300
300
300
20
300

300

300
300
300
0

300

300
300
300
0

300
300
300
300

300
300

0
300
300
300
300
0

300
300
300
300
0

300

300
300
300
0

300

Gas Type
(Nor A)

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

Read

«

«

•

*'

*

*

•

Temperature program may require minute, dally modifications depending upon room temperature
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TABLE 3B
GFAA PERKIN-ELMER 5100 TEMPERATURE PROGRAM1

Element

Aluminum

Antimony

Arsenic

Beryllium

Cadmium

Chromium

Copper

Step

1
2
3
4
5
1
2
3
4
5
1

2
3
4

5

1
2
3
4
5
1
2
3
4
5
1
2

3

4
5

1
2
3
4
5

Furnace
Temperature

co
150
1100
20

2500
2600
170
900
20

2500
2600
170
600
20

2300

2500

170
900
20

2650
2650
170
500
20

1600
2600
170
900

20

2650
2600

170
800
20

2500
2600

Time (sec)

Ramp

10
10
1
0
1
5
1
1
0
1

20

10
1
0

1
10
15
1
0
1
5
5
1
0
1
10
15
1
0
2
10
1
1
0
1

Hold

40
30
5
5
5
40
30
5
5
5
30

30
5
5

5

30
30
5
5
5
30
30
5
5
2
30
25

5

4
3

30
30
5
5
5

Internal Gas
Row

300
300
300
0

300
300
300
300
20
300
300

300
300
0

300

300
300
300
40
300
300
300
300
30
300
300
300

300

80
300

300
300
300
0

300

QasType
(Nor A)

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

Read

*

*

*

*

•

•

*
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TABLE 3B (CONT'D)
GFAA PERKIN-ELMER 5100 TEMPERATURE PROGRAM1

Element

Iron

Lead

Selenium

Silver

Thallium

Tin

Step

1
2
3
4
5
1
2

3
4
5
1

2
3

4
5
1
2
3
4
5
1

2
3
4

5
1
2
3
4
5
6

rWfMCO
Temperature (*C)

120
1400
20

2400
2600
150
800

20
1600
2500
170

600
20

2100
2800
170
800
20

2100
2600
150
300
20

1400
2500
150
1100
20

2500
2500
20

Time (sec)
Ramp

1
1
1
0
1
10
5

1
0
1
10

5
1

0
1
1
1
1
0
1
10

5
1
0
1

10
15
1
0
1
1

HoW

50
30
15
5
5
40
30

5
4
3
30

20
5

7
5
30
30
5
5
5
30

10
3
5
4

40
15
15
5
5
5

Internal Qa*
How

300
300
300
20
300
300
300

300
0

300
300

300
300

0
300
300
300
300
0

300
300

300
300
0

300

300
300
300
0

300
300

QasType
(Nor A)

A
A
A
A
A -
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

Read

*

*

•

*

•

•

Temperature program may require minute, daily modifications depending upon room temperature, atmospheric conditions, etc.
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TABLE 3C
GFAA PERKIN-ELMER 4100 TEMPERATURE PROGRAM1

Element

Antimony

Cadmium

Chromium

Lead

Silver

Thallium

Step

1
2
3
4
5
1
2
3
4
5
6
1
2

3

4
5

6

1
2
3
4
5
6
1
2
3
4
5
1

2
3
4
5

Furnace
Temperature (*C)

120
150
1400
1900
2400
120
140
200
500
1200
2400
120
140

200

1100
2100

2400

120
150

200
600
1400
2400
120
150
600
1200
2400
120

150
200
1600
2400

Time (sec)
Ramp

1
10
10
0
1
1
10
5
10
0
1
1

120

5

10
0

1

1
10

5
10
0
1
1
5
10
0
1
1

10
10
0
1

Hold

30
30
20
8
2
20
30
10
20
5
2
20
30

10

20
4

2

30
30

10
20
3
2
20
30
20
5
2
30

30
20
5
2

Internal Gas
How

250
250
250
0

250
250
250
250
250
0

250
250
250

250

250
0

250

250
250

250
250
300
250
250
250
250
0

250
250

250
250
0

250

Gas Type
(N or A)

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

Read

*

•

•

*

•

*

Temperature program may require minute, daly modifications depending upon room temperature, atmospheric conditions, etc.
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TABLE 4
GFAA PERKIN-ELMER 3030, 5100, AND 4100 CALIBRATION CONDITIONS

Element

Aluminum
Antimony
Arsenic

Beryllium
Cadmium

Chromium

Copper
•_.__»iron
Lead

Molybdenum1

Selenium

Qfluar

-•I-— Ml. ———inanium

Tin2

Vanadium

Standard Cone.
(mg/L)

0.01,0.025,0.04
f\ ***+ f\ 4 O f\ O/\0.06, 0.12, 0.20

0.01, 0.025, 0.04

0.001,0.0025,0.004
0.0025, 0.005,
0.0075

0.01,0.025,0.04

0.01, 0.025, 0.04
0.01, 0.025, 0.04
0.01,0.025.0.04

0.025. 0.050. 0.075
0.01, 0.025. 0.04

0.005, 0.0075, 0.01
(PE3030)
0.01, 0.02. 0.03
(PE 3030 & 5100)
0.01, 0.025, 0.05
(PE 4100)
0.1, 0.15, 0.20
0 010, 0.025 0.040

Matrix Modifier/Preparation

Ni(NO,)2
Weigh 24.78 g NI(NO3)2 and dilute to
500 ml_ with deionized H2O

(NHJ2HP04
Weigh 8 g (NH4)2HPO4 stock and
dilute to 100 mL with deionized H2O

Ca^NOjHHjO
Weigh 11.8 g Ca2(NO3)2-4H2O and
dilute to 100 mL with deionized H2O.
Aliquot 5 mL stock + 5 mL H2O2 per
50 mL for working solution

Lâ NO,),
Dilute 5.8 g La^O, and 10 mL HNO,
to 100 mL with deionized H2O

— —
Ni(NO,)2
Weigh 24.78 g NI(NOS)2 and dilute to
500 mL wtth deionized H2O

— —

Sample
Preparation

1000 ML blank,
standard, sample
plus 100 |iL matrix
modifier

1000 ML blank,
standard, sample
plus 1 00 jiL matrix
modifier
1000 ML blank,
standard, sample
plus 100 jiL matrix
modifier

1000 |iL blank,
standard, sample
plus 1 00 fiL matrix
modifier

— —
1000 |iL blank,
standard, sample
plus 1 00 jiL matrix
modifier

——

Calibration
Type

Nonlinear
Nonlinear
Nonlinear

Nonlinear
Nonlinear

Nonlinear

^S

1 ̂ Wl INI I9CII

NonHnear

Nonlinear
Nonlinear

Nonlinear

NonHnear

; Nonlinear

Nonlinear
IvUlllllKMfll

PE 3030 model only.
PE 5100 mode! only.
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TABLE 5
GFAA ANALYSIS SEQUENCE

Run # Sample

Instrument warmup and stabilization

Key

Initial calibration:

Initial QC checks:

Sample analysis:

Continuing
QC checks:

1
2
3
4

5
6
7

12
13
14
15
16
17

18
19

CB
51
52
53

ICV
ICB
RLS

8 SX
9 SX
10 SX
11 SX

SX
SX
SX
SX
SX
SX

CCS
CCB

CB = calibration blank
51 = low cone, calibration standard
52 = middle cone, calibration standard
53 = high cone, calibration standard

ICV = initial calibration verification
ICB = initial calibration blank
RLS = reporting limit standard

SX = digestate; includes field samples,
duplicates, matrix spikes, prep blanks, lab
control standards. All field samples, except
those analyzed as duplicate/matrix spike, must
be single-spiked.

CCS = continuing calibration standard
CCB = continuing calibration blank

Repeat sample analysis and continuing calibration
cycle until all samples are analyzed.

Final QC checks: n-1
n

CCS
CCB

n = last sequence number in run
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TABLE 6
LABORATORY CONTROL SAMPLES (LCS) CONTROL LIMITS

QUALITY CONTROL TEST FILE - METALS
WATER MATRICES - INSTRUMENT 3««

November 1943

vf!̂ *" :̂lf:
.. '.'••' '•'.'-' . . • : ' . - :-::; :-:.:::: ':•:•.'
'•-'•':• ••'•' ••'•• ';<:>O;. ;:''''

LOIW. Antimony

L40. Arcenic

L02W. Cadmium

L02W. Lead

L40. Selenium

:•' :•:• .:<:>>:W:S'
Conb.

•ffi'lD-'ll

AC22

CAOI

AC13

AB35

CA03

li;S(Srelnr̂ :::
SisUmtufcr.̂
.̂ J-Mdaiftls.;:

';« ' ~ •'* i;f ill
.*-- :.i::::.5:-:;«S

Range: —
RPD: —

Range: ——
RPD: S14.1*

Ring*. ——
RPD: —

Range: —
RPD. S14.1*

Range: —
RPD: —

;;s«S.i.̂ :;Mmi«.l;:
;S;ikir'l''-ec*<cMi:Ms;

Range: £2X IDL
RPD: £20%

Range: S2X IDL
RPD: S192ft
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TABLE 6 (COIMT'D)
LABORATORY CONTROL SAMPLES (LCS) CONTROL LIMITS

QUALITY CONTROL TEST FILE . MKTAIJ
SOLID MATRICES • INSTRUMENT 3030

No.nnlxr 1»«3

HJartUfor
bh\

S*«<JCPTWJ .

MmfcSpto

Rlnge: •
RJPD:-

Rjnge: S4.X IDL
RPD:S40*
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RPD: 4404

R«8t: S4X [DL
RPD 440%

PM - preparation method
* - meifl
1 « sundjrd deviation
LCS - lib control iund*rd
Q - confidence interval
IDL - insiiumenc dejection limn
' Cpk buMl on 20% RPD specification go*]
: Cpk b»i4-d on 75-I25^> recovery ipecificilion go*I
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TABLE 6 (CONT'D)
LABORATORY CONTROL SAMPLES (LCS) CONTROL LIMITS

QUALITY CONTROL TEST FILE - METALS
WATER MATRICES - INSTRUMENT SIM

Nonmtxr l«3

L01W. Anomony Range: •—
RPD: —

Range: £2X IDL
RPD: £20*

IK! tiftO
: »«•

"•*»•»

Range: Range: £2X IDL
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RPD: —
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Range. Range: £2X IDL
RPD £184*

CA04 Range: — Ringe: £2X IDL
RPD: S10.2* RPD:-:I33* is: 1.17 065

t • fUndird deviation
' Cf»k tuied on 10^ RPD ipcciHcation gail.

LCS - Ub conlrol JUnd*rt
CI - coofidcivrc ini«rv«|
IDL - trettumeiu deiecttor. limn
1 Cpk b**«d on 85-115^- recovery spcciricjtwn gotl
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TABLE 6 (CONT'D)
LABORATORY CONTROL SAMPLES (LCS) CONTROL LIMITS

QUALITY CONTROL TEST FILE - METALS
SOLID MATRICES - INSTRUMENT UK

November 1993
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FIGURE 1
LOGBOOK PAGE
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FIGURE 2
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FIGURE 3
COMPUTER PRINTOUT
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APPENDIX
USE OF THE PE-5100 AND PE-4100 GRAPHITE FURNACES

Note: This variant of Section 3.0 works with the above Sections to form a procedure
specific to the PE-5100 and PE-4100. When the steps are the same for all
instruments, the procedure reads: See above (Section x.x).

3.0 GRAPHITE FURNACE PROCEDURE (PE-5100 AND PE-4100)

Note: The PE-5100 and PE-4100 use a Windows-based data system. In this
procedure, the MAIN MENU selections at the top of the screen are
indicated with bold capitals and menu item selections from a pull-down
menu are indicated with bold lowercase.

3.1 SAMPLE PRESERVATION

See above (Section 3.1).

3.2 SAMPLE PREPARATION

See above (Section 3.2).

3.3 PRELIMINARY SET-UP

3.3.1 See above (Section 3.3), except turn on PE-5100/4100 main instrument.
Ignore section 3.3.2 if running the PE-4100 because that instrument has
a built-in recirculator that turns on when the instrument is turned on.

3.3.2 Verify that the correct date and time is programmed into the computer
system. If not, return the system to the DOS prompt to correct these
parameters before starting analysis.

3.4 DATABASE SET-UP/ELEMENT PROGRAM SELECTION

3.4.1 Double click on PE 5100.EXE icon.

3.4.2 Select AS-60 CONTROL. This will open a window containing a list of
possible analyte elements.

3.4.3 Select the appropriate element. This will:

• bring up all of the appropriate windows on screen.
• automatically set the analytical wavelength and slit length.

Note: The slit width for Sb on the 5100 must be manually set at 0.2 mm each
time this analysis is performed. The instrument will not save this value
as a default slit width for Sb.

Also, if analyzing residential well samples, Sb undergoes a double
injection: select the "SBx2" program (this repeats the first three steps
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in the temperature program before atomization, doubling the sample
volume and lowering the detection limit).

3.5 LAMP INSTALLATION AND ALIGNMENT

3.5.1 Open the WINDOWS menu.

3.5.2 Select Align lamps.

3.5.3 Type in the appropriate element.

3.5.4 Select and install the proper lamp for the appropriate element from Table
2B. See above (Section 3.5.1 a and b).

3.5.5 Adjust the lamp position to maximize the energy as indicated by the bar
graph on the monitor. Adjust the alignment screws and slide the lamp
in and out to maximize the energy reading.

3.6 FURNACE SET-UP

3.6.1 Click on HGA Control in the WINDOWS menu.

3.6.2 See above (Sections 3.6.1 - 3.6.5).

3.6.3 Click on HGA on/off. This will start the furnace program and take the
new tube through a dry fire. If the target element is found in the tube,
perform additional dry fires until the tube is free of contamination.

3.7 SAMPLE/STANDARD LOADING

See above (Section 3.7).

3.8 HGA ID/WEIGHT FILE SET-UP

Note: Because this is done after the autosampler is loaded, this serves as
additional autosampler load verification.

3.8.1 Click on ID/Weight Parameter in the WINDOWS Menu.

3.8.2 Type in at the appropriate prompt the following information:

• analyst's initials.
• sample volume (1.0).
• position (1, 2, 3 ...).
• sample id (NUS Laboratory sample number).

3.8.3 Click on Save As in the FILE Menu.
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3.8.4 Save the new HGA ID/Weight file in the following format:

ABBCCDDE

where A = last digit of the current year
BB = current month (2 digits)
CC = current day (2 digits)
DD = element (1 or 2 digits)
E = number of file (starts at 1 each day)

example:

A set of chromium analyses run on June 26, 1993

30626CR1

If the run is started over due to a calibration verification failure,
the new file name would be 30626CR2.

3.9 CALIBRATION AND ANALYSIS

3.9.1 Perform the analytical sequence as listed in Table 5. Perform a
minimum of two replicate firings for standardization, QC, and sample
analyses. QC criteria are specified in Section 5.

3.9.2 Name the data file with the same file name that was saved.

3.9.3 Select Save Data on and Printer on.

3.9.4 Start the run by performing one of the following steps:

a. Select Run Standards. The instrument will analyze the
calibration curve. If it passes quality control requirements,
select Run Samples to complete the run.

b. Select Run All. The instrument will analyze the calibration
curve and all samples listed in the programed sequence.

3.9.5 See above (Sections 3.8.9 - 3.8.10).

3.10 INSTRUMENT SHUT DOWN

See above (Section 3.9).

3.11 CALCULATIONS

See above (Section 3.10).
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MERCURY IN WATER BY MANUAL COLD VAPOR TECHNIQUE

1.0 SCOPE AND APPLICATION

This method is a cold-vapor atomic absorption procedure for determining the
concentration of mercury in effluents, leachates, aqueous wastes, surface
waters and groundwaters. All samples must be subjected to digestion as
specified in the procedure step prior to analysis, the working range for the
method is 0.0002 - 0.0100 mg Hg/L.

This procedure is written for the Perkin-Elmer 50B Mercury Analyzer and utilizes
software developed by NUS Laboratory for data reduction.

2.0 SUMMARY OF METHOD

The flameless AA procedure is a physical method based on the absorption of
radiation at 253.7 nm by mercury vapor. In addition to organic forms of
mercury, organic mercurials may also be present. These organo-mercury
compounds will not respond to the cold vapor atomic absorption technique
unless they are first broken down and converted to mercuric ions.

3.0 PROCEDURE

3.1 SAMPLE HANDLING AND PRESERVATION

Samples are preserved by acidification with nitric acid to a pH of 2 or lower
at the time of collection. Analysis must be completed within 13 days of sample
collection.

3.2 SAMPLE/STANDARD PREPARATION

3.2.1 Prepare initial calibration standards by pipetting the following aliquots
of a 0.1 mg/L standard solution into 300-mL BOD bottles:

OmL
0.5 mL
1.0 mL
2.0 mL

5.0 mL
7.0 mL
10.0 mL

Approvals:

fty Arfsu&nce
Director

Date
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Add sufficient reagent water to bring the volume to approximately 100
mL.

3.2.2 Transfer 100 mL of each sample, or an aliquot diluted to 100 mL, into
300-mL BOD bottles.

3.2.3 Prepare and analyze the following QC samples in each analytical run:

a. Duplicate/Matrix Spike: Required at a frequency of one in ten.
Therefore, two duplicates and two matrix spikes are required for each
batch of twenty samples.

b. Method Blank: Required at a frequency of one in twenty samples per
batch. (NOTE: The ICB may be used as the method blank.)

c. Laboratory Control Sample: Required at a frequency of one in twenty
samples per batch. (NOTE: The ICV may be used as the laboratory
control sample.)

3.2.4 Add the following to each bottle, swirling to mix the contents
thoroughly between each addition:

a. 5 mL of cone, sulfuric acid,

b. 2.5 mL of cone, nitric acid,

c. 15 mL of potassium permanganate solution

Note: If the purple color fades, add additional permanganate until the
purple color persists for at least 15 minutes.

d. 8 mL of potassium persulfate solution.

3.2.5 Heat the bottles in a water bath maintained at 95±1°C for 2 hours.
Allow the bottles to cool.

3.3 PERKIN-ELMER MAS 50B - INSTRUMENT SETUP

3.3.1 Mechanical Meter Zero: with the power switched OFF, make sure that
the meter pointer indicates exactly 0 microgram (100%T). If it does
not, adjust the meter mechanical zero adjust screw with a screwdriver
to bring the meter pointer to 0 microgram (100%T).

3.3.2 Although the analyzer has been adjusted at the factory, it might become
necessary to adjust it if any of the following conditions apply:

• the mercury lamp has been replaced.
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• the optical filter has been replaced (should be performed ONLY by
a qualified serviceman).

• when readings with standard samples constantly deviate more than
five percent of full scale in one direction.

Consult the instrument manual:

• Calibration at 9.0 //g with a liquid sample, and
• Calibration at 1.0 jug with a liquid sample.

3.3.3 Plug the line cord into the power receptacle. Turn the POWER and
PUMP switch ON and make sure that the pilot light glows.

3.3.4 Let the analyzer warm up for at least 15 minutes.

3.3.5 Turn the MEMORY switch OFF, the METER switch to %T, and CLOSE
the shutter.

3.3.6 Turn the 0%T knob to adjust the meter pointer to approximately 0%T.

3.3.7 OPEN the shutter. Turn the 0%T knob to adjust the meter pointer to
exactly 100%T. Return to 0%T by closing the shutter, and set 0%T
exactly using the 0%T knob. Recheck 100%T and adjust if needed.
Repeat for 0%T.

Note: If deviation is noted when opening and closing the shutter, it
indicates insufficient warm up time for the lamp.

If 0%T or 100%T cannot be achieved, Hg lamp may require
adjustment or cell windows may require replacement.

3.3.8 Open the shutter. Turn the METER switch to the X5 position. Fine
adjust for 100%T with the 100%T knob.

3.3.9 Select the MEMORY function desired, ON or OFF. Select the %T scale.

3.4 SAMPLE AND STANDARD ANALYSIS

Perform the following steps for one bottle at a time. Analyze samples in the
following sequence:

Blank
Blank
0.0005 mg/L standard
0.0010 mg/L standard
0.0020 mg/L standard
0.0050 mg/L standard



Section: CRA/SN-HGW
Revision: 0
Effective Date: 04/13/94
Page: 4 of 15

0.0070 mg/L standard
0.0100 mg/L standard
CV/LCS 1
CB/MB 1
Reporting limit standard
Sample 1
Sample 1 DUP
Sample 1 MS
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6
Sample 7
Sample 8
Sample 9
Sample 10
CV/LCS 2
CB/MB 2
Sample 11
Sample 11 DUP
Sample 11 MS
Sample 12
Sample 13
Sample 14
Sample 15
Sample 16
Sample 17
Sample 18
Sample 19
Sample 20
CV/LCS 3
CB/MB 3

Repeat the sequence of ten samples, CV/LCS & CB/MB, until all samples are
analyzed.

CV/LCS n
CB/MB n

3.4.1 Add 6 mL of sodium chloride-hydroxylamine sulfate solution to reduce
excess permanganate.

Note: This step may release toxic chlorine gas.

3.4.2 When the solution has decolorized, wait 30 seconds, then add 5 mL of
stannous sulfate solution and immediately attach the bottle to the
aeration tube.
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Stannous chloride volatilizes the mercury. It is, therefore, essential that
this step is performed very rapidly.

3.4.3 Observe the transmittance reading decrease on the meter to a minimum
point.

3.4.4 When the reading levels off (at approximately 1 minute), record the
reading in the analysis log.

3.4.5 Open the bypass valve and continue aeration until transmittance returns
to its maximum value.

3.4.6 Close the bypass valve, remove the stopper and frit from the bottle, and
rinse them with reagent water. Continue aeration.

3.5 DATA REDUCTION

3.5.1 Enter mercury standard concentrations and corresponding percent
transmittance values into the mercury software program.

3.5.2 After all standard points have been entered, save the data using the
SAVE DATA TO DISK option.

3.5.3 Print the calibration data (standard concentration, absorbance) using the
PRINT DATA option.

3.5.4 Calculate the correlation coefficient of the calibration curve using the
RUN CORRELATION PROGRAM option. The correlation coefficient must
be 2=0.995.

3.5.5 Calculate sample concentrations from the calibration curve using the
RUN CORRELATION PROGRAM option. Manually correct concentration
values obtained from the software program for dilutions using the
following formula:

mg/L Hg = mg/L Hg (from curve) x _____IQOmL_______
sample volume (mL)

3.5.6 Plot the calibration curve using the RUN PLOT PROGRAM option.

4.0 DATA COLLECTION

4.1 Document the following in a bound lab notebook for each set of analyses
performed. Entries must be made at the time of analysis. See Figure 1.

Data collection should include the following:

•analysis method root code (i.e., AHGBO, AHGS, or.AHGW) and brief
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description.

• date and time analysis started and analyst(s) signature(s).

• NUS Laboratory sample number and sample aliquot. Identify any lab quality
control samples (method blanks, DUP/MS, LCSs).

• spikes added, to include the spiking solution identification number and the
volume of spike added for post-digestion spikes.

4.2 Forward the following to data management from each analytical run:

• preparation/analytical raw data, including logbook page(s),
worksheet/assignment sheets, and standard preparation pages.

• description of problems encountered and actions taken during sample
preparation and analysis on corrective action records.

• any instrument maintenance documented in the instrument maintenance log.

5.0 QUALITY CONTROL

5.1 INSTRUMENT CALIBRATION

Prepare and analyze two blanks and standards at 6 concentration levels at the
start of each analytical sequence each time samples are prepared. Include the
instrument standardization date and time in the raw data.

5.2 CALIBRATION VERIFICATION/LABORATORY CONTROL SAMPLE (CV/LCS)

Immediately after initial instrument calibration, every 10 samples, and at the end
of each analytical sequence, verify the accuracy of the initial calibration and the
efficiency of the overall digestion procedure by preparing and analyzing an
aqueous CV/LCS. This standard is independent of the calibration standards.

Recovery limits for the LCS are listed in Table 1. The LCS limits are statistically
based and are updated annually; they are subject to change.

If results for the aqueous CV/LCS fall outside the control limits, terminate the
analysis, correct the problem, then redigest and reanalyze all samples and
standards in the batch.

5.3 CALIBRATION BLANK/METHOD BLANK (CB/MB)

Immediately analyze a CB/MB after each CV/LCS, at a frequency of every ten
samples. The blank must be analyzed at the beginning of the run and after the
last CV/LCS that was run after the last sample of the run.
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Evaluate CB/MB results as follows:

5.3.1 If the absolute value of the concentration of the blank is less than or
equal to the reporting limit, do not correct the results.

5.3.2 If any analyte concentration in the blank is above the reporting limits,
the lowest concentration of that analyte in the associated samples must
be 10x the blank concentration. Otherwise, all samples associated with
the blank with the analyte's concentration less than 10x the blank
concentration and above the reporting limit, must be reanalyzed for that
analyte (except for an identified aqueous soil field blank). The sample
concentration is not to be corrected for the blank value.

5.3.3 If the concentration of the blank is below the negative reporting limit,
then all samples reported below 10x the reporting limit associated with
the blank must be redigested and reanalyzed.

5.4 REPORTING LIMIT (RL) STANDARD

The reporting limit standard is a standard analyzed at the concentration of the
reporting limit. Run an RL immediately after the initial CB/MB. The RL has a
recovery criterion of ^ 50%. If this limit is not met, terminate the analysis
sequence; troubleshoot the standard solution, digestion, and/or CVAA system;
redigest the batch.

An acceptable reporting limit standard recovery must be obtained prior to
continuing sample analysis.

5.5 SPIKE SAMPLE ANALYSIS

The spike sample analysis is designed to provide information about the effects
of the sample matrix on the digestion and measurement methodology.

Add 1 fjg/L spike at the start of sample preparation, and prior to the addition
of other reagents, to a second aliquot of the selected sample(s). At least one
spike sample analysis must be performed for every ten samples digested
together.

If the spike recovery is not at or within the limits of 75-125%, the data for
that sample is flagged. An exception to this rule is granted in situations where
the sample concentration exceeds the spike concentration by a factor of four
or more. In such an event, the data shall be reported unflagged even if the
percent recovery does not meet the 75-125% recovery criteria.

Percent recovery (%R) is calculated as follows:

% Recovery = fSSR - SRI x 100
SA
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where SSR = Spiked Sample Result
SR = Sample Result
SA = Spike Added

When the sample concentration is less than the reporting limit, use SR = 0 for
purposes of calculating % Recovery.

5.6 DUPLICATE SAMPLE ANALYSIS

Analyze one sample in duplicate for every ten samples digested together. The
relative percent difference (RPD) is calculated as follows:

RPD = \S - D\ x 100
(S + D)/2

where RPD = Relative Percent Difference
S = First Sample Value (original)
D = Second Sample Value (duplicate)

Limits for precision are listed in Table 1. If range or RPD exceeds the
acceptance limits for an aqueous sample matrix, reanalyze the duplicate sample.
If precision remains non-conforming, redigest and reanalyze the original and
duplicate samples and 25% of the positive results.

Note: If 25% of positive samples does not calculate to a whole number, round
up to determine the number of samples to be rerun.

If reanalysis results do not duplicate original results, redigest and reanalyze all
samples and report reanalysis results.

5.7 INSTRUMENT DETECTION LIMIT (IDL) DETERMINATION

Determine instrument detection limits for each instrument used, at least
quarterly (every 3 calendar months). The IDLs must meet the reporting limits.

Determine the Instrument Detection Limits as follows:

• Prepare a standard solution at a concentration 3-5x the manufacturer's
suggested IDL initially, then 3-5x the previously determined IDL thereafter.

• Perform seven consecutive measurements of the standard on three
nonconsecutive days (a total of 21 measurements).

Perform each measurement as if it were a separate analytical sample followed
by a rinse and/or any other procedure normally performed between analyses
of separate samples.

Calculate the mean and standard deviation for each set of seven
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measurements. The observed daily mean must fall within a factor of two of
the true value for the data to be useful for the IDL study. l

• Average the standard deviation values.

• Calculate the IDL (//g/L) by multiplying the average SD by 3.

IDLs are determined and reported.

If the instrument is adjusted in any way that may affect the IDL, the IDL for
that instrument must be redetermined and the results submitted for use as the
established IDL for that instrument for the remainder of the quarter.

5.8 METHOD DETECTION LIMIT STUDIES

A method detection limit (MDL) study for water analysis is performed annually
according to 40 CFR 136, Appendix B. Statistically-based MDLs must be <
reporting limits for the method.

6.0 INTERFERENCES

6.1 Possible interference from sulfide is eliminated by the addition of potassium
permanganate. Concentrations as high as 20 mg/L of sulfide as sodium sulfide
do not interfere with the recovery of added inorganic mercury from reagent
water.

6.2 Cooper has also been reported to interfere; however, cooper concentrations as
high as 10 mg/L had no effect on recovery of mercury from spiked samples.

6.3 Sea waters, brines and industrial effluents high in chlorides require additional
permanganate (as much as 25 mL). During the oxidation step, chlorides are
converted to free chlorine which will also absorb radiation of 253 nm. Care
must be taken to assure that free chlorine is absent before the mercury is
reduced and swept into the cell. This may be accomplished by using an excess
of hydroxylamine sulfate reagent (25 mL). Both inorganic and organic mercury
spikes have been quantitatively recovered from the sea water using this
technique.

6.4 While the possibility of absorption from certain organic substances actually
being present in the sample does exist, EPA's EMSL has not encountered such
samples. This is mentioned only to caution the analyst of the possibility.

7.0 SAFETY PRECAUTIONS

7.1 Wear a lab coat and safety glasses with side shields at all times while
performing this procedure. Wear gloves to avoid skin contact with acids,
bases, organic solvents and possible toxicants used as reagents or contained
in the samples for analysis.
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7.1.1 Should skin or eye contact occur, flush the exposed area(s) with large
amounts of water and seek immediate medical attention.

7.1.2 Never pipet materials by mouth. Use a rubber bulb or other approved
suction device to transfer materials by pipet.

7.2 Handle and store all reagents in accordance with the precautions listed on the
Material Safety Data Sheets (MSDS).

7.2.1 Consult the MSDS for each reagent listed in this procedure before use.
The MSDS will provide pertinent information on toxicity, safety
precautions and storage conditions.

7.2.2 Always consult the label on the reagent bottle for up-to-date information
on safety precautions during handling, preferred storage conditions and
expiration data.

7.2.3 Label all flasks, vials, etc., with the intended contents prior to filling.
Follow established laboratory procedure in completing and affixing
labeling information to equipment.

7.3 Avoid breathing solvent and standard solution vapors. If overexposure to
vapors should occur, seek fresh air and immediate medical attention.

7.4 Handle all glass equipment with care.

7.5 When preparing diluted solutions of concentrated acids, ALWAYS ADD ACID
to WATER.

7.6 An open system where the mercury vapor is passed through the absorption cell
only once may be used instead of the closed system.

7.7 Because of the toxic nature of mercury vapor, precaution must be taken to
avoid inhalation. Therefore, a bypass has been included in the system to either
vent the mercury vapor into an.exhaust hood or pass the vapor through some
absorbing media, such as equal volumes of 0.1 M KMn04 and 10% H2SO4>
0.25% iodine in a 3% Kl solution, or s specially treated charcoal that will
absorb mercury vapor.

8.0 APPARATUS AND MATERIALS

8.1 Perkin-Elmer 506 or Bacharach/Coleman MAS50B Mercury Analyzer.

8.2 Software program for calculation of mercury results.

9.0 REAGENTS

The toxicity or carcinogenicity of each reagent used in this method has not been
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precisely defined; however, each chemical compound should be treated as a potential
health hazard. A reference file of Material Safety Data Sheets is available to all
personnel.

9.1 Reagent water: Deionized water.

9.2 Sulfuric acid, concentrated: reagent grade of low mercury content.

9.3 Sulfuric acid. 0.5N: dilute 14.0 ml of cone, sulfuric acid to 1.0 liter.

9.4 Nitric acid, concentrated: reagent grade of low mercury content. If a high
reagent blank is obtained, it may be necessary to distill the nitric acid.

9.5 Stannous sulfate: add 25 g of stannous sulfate to 250 ml of 0.5N sulfuric acid.
This mixture is a suspension and should be stirred continuously during use.
(Stannous chloride may be used in place of stannous sulfate.)

9.6 Sodium chloride-hydroxylamine sulfate solution: dissolve 12 g of sodium
chloride and 12 g of hydroxylamine sulfate in reagent water and dilute to 100
ml_. (Hydroxylamine hydrochloride may be used in place of hydroxylamine
sulfate.)

9.7 Potassium permanganate: 5% solution, w/v. Dissolve 5 g of potassium
permanganate in 100 mL of reagent water.

9.8 Potassium persulfate: 5% solution, w/v. Dissolve 5 g of potassium persulfate
in 100 ml of reagent water.

9.9 Stock mercury solution (1 mL = 1 mq Hg): dissolve 0.1354 g of mercuric
chloride in 75 mL if reagent water. Add 10 mL of cone, nitric acid and adjust
the volume to 100.0 mL. Stock solutions may also be purchased.

9.10 Working mercury solution: make successive dilutions of the stock mercury
solution to obtain a working standard containing 0.1 //g per mL. This working
standard and the dilutions of the stock mercury solution should be prepared
fresh daily. Acidity of the working standard should be maintained at 0.15%
nitric acid. This acid should be added to the flask as needed before the addition
of the aliquot.

10.0 REFERENCES

10.1 U.S. ERA. "Methods for Chemical Analysis of Water and Wastes," EPA-600/4-
79-020, revised March, 1983. Method 245.1.

10.2 U.S. ERA. "Test Methods for Evaluating Solid Waste-Physical/Chemical
Methods," SW-846, 1986. Method 7470.
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FIGURE 3

MERCURY
STANDARD CURVE

Date

Analyst:

: _ ?/2Z/?Z

Stock Solution - 1000 mg/L Hg

Manufacturer

Lot #: __Li

Instrument: Pcrlcin-Eltncr 50U

Wavelength: 253.7 nm

Digestion: Autoclave: ____

SOLUTION I - 10 mg/l Hg

10.0 mL STOCK SOLN plus 5 mL HNO l̂ Liter

SOLUTION 0 - 0.1 mg/L Hg

10.0 mL SOLN I plus 5 mL HNO l̂ Liter .

SOLUTION DI - 0.01 mg/L Hg

10.0 mL SOLN O plus 0.5 mL HNO/100 mL

Steam Bath:

Time On 1ZOO Temp CC) *\S. O

Time 12-So Temp TQ *\S- 5

Time 13OO TempfC).

Time |33O TcmpfC).______

Time______ TcmpfC)______

Time Off HOP Temp CC) 15-Q

Final Dilution

0.0 mL

5.0 mL SOLN CUriOO mL

10.0 mL SOLN ffl/IOO mL

2.0 mL SOLN BVIOO mL

5.0 mL SOLN O/lOO mL

10.0 mL SOLN O/100 mL

0.0 mL

Corrdatton Coefficient (r):

CALCULATIONS:

Final Cone.

0.0000 rag/L

0.0005 mg/L

0.0010 mg/L
0.0020 mg/L
0.0050 mg/L

0.0100 mg/L

O.OOOOmgA-

Peak HciEht (T%)

Absorbanct = 2 - log (%7)

(Curve Rax&ng) ( 100 ml.
Sample Aliquot

) (Dilutions)
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MERCURY IN SOIL/SEDIMENT BY MANUAL COLD VAPOR TECHNIQUE

1.0 SCOPE AND APPLICATION

This method measures total mercury (organic and inorganic) in soils, sediments,
bottom deposits and sludge-type materials. The range of the method is 0.2 to
5 yug/g. The range may be extended above or below the normal range by
increasing or decreasing sample size or through instrument control.

This procedure is written for the Perkin-Elmer and Bacharach/Coleman MAS
Mercury Analyzers and utilizes software developed by NUS Laboratory for data
reduction.

2.0 SUMMARY OF METHOD

A weighed portion of the sample is digested with aqua regia, potassium
permanganate, and heat. Mercury in the digested sample is then measured by
the conventional cold vapor technique.

3.0 PROCEDURE

3.1 SAMPLE HANDLING AND PRESERVATION

3.1.1 Because of the extreme sensitivity of the analytical procedure and the
omnipresence of mercury, take care to avoid extraneous contamination.
Wash glassware carefully.

3.1.2 Refrigerate solid samples at 4°C (±2°C) upon receipt until analysis.

3.1.3 Analyze the sample without drying.

3.2 CALIBRATION AND SAMPLE ANALYSIS

3.2.1 Prepare the standards, samples, and quality control checks as described
below. Quality control checks are also described in Section 5.0.

a. Initial calibration: Transfer 0.0, 2.0, 5.0, and 10.0 mL aliquots of a
0.01 //g/mL mercury standard to a series of 300-mL BOD bottles.

Approvals:

Technical Operations Date ' Qjfoup Leader Date/ ' Quality
Manager /I Director
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Add sufficient reagent water to each bottle to bring the volume to
approximately 10 mL.

b. Continuing calibration blanks (CCB): Transfer 10 mL of reagent water
to a BOD bottle for each blank.

c. Initial calibration verification (ICV) standard: Transfer a known volume
of an independent standard containing 0.05 - 1.0 fj Hg into a BOD
bottle for each standard. Dilute to 10 mL with reagent water.

d. Continuing calibration verification (CCV) standards: Transfer a known
volume of the 0.1 //g/mL mercury working standard containing 0.05 -
1.0 fjg Hg to a BOD bottle for each standard. Dilute to 10 mL with
reagent water.

e. Laboratory control sample (LCS): Weigh a 0.2 g portion of solid
reference material, or appropriate aliquot to bring within linear range,
to the nearest 0.0001 g and quantitatively transfer it to the bottom
of a BOD bottle.

f. Each sample: Weigh a representative 0.2 g portion of wet sample
to the nearest 0.0001 g and quantitatively transfer it to the bottom
of a BOD bottle. (Use a smaller aliquot if a 0.2 aliquot exceeds the
linear range of the analyzer.)

g. Duplicate: Weigh a second 0.2 g aliquot of 1 in 10 samples being
prepared together and quantitatively transfer it to the bottom of a
BOD bottle.

h. Matrix spike: Weigh a third 0.2 g aliquot of 1 in 10 samples being
prepared together and quantitatively transfer it to the bottom of a
BOD bottle. Add 2.0 mL of the 0.1 fjg/mL mercury working standard
to the bottle.

3.2.2 Add 5 mL of aqua regia to each bottle and swirl. Heat samples for 2
minutes in a water bath maintained at 95°C. Remove the samples from
the water bath and cool.

3.2.3 Add 50 mL of reagent water and 15 mL of KMnO4 solution to each
bottle. Observe the samples for several minutes. If the purple color
fades, add additional KMn04 solution. Continue additions until the
purple color remains for several minutes.

3.2.4 Add 8 mL of potassium persulfate solution and return the bottle to the
water bath for 30 minutes. Remove the samples from the water bath
and cool.

3.2.5 Add 50 mL of reagent water to each bottle.
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3.2.6 An alternate digestion procedure employing an autoclave may also be
used. Weigh a representative 0.2 g portion of wet sample to the
nearest 0.0001 g and quantitatively transfer it to the bottom of a BOD
bottle. Add 5 ml_ of concentrated sulfuric acid and 2 ml of
concentrated nitric acid to the sample. Add 5 ml of saturated KMnO4
solution and cover the bottle with a piece of aluminum foil. Autoclave
the sample at 121°C and 15 Ibs. for 15 minutes.

Cool, increase the volume to 100 ml_ with reagent water, and add 6
mL of sodium chloride-hydroxylamine sulfate solution to reduce the
excess permanganate.

3.3 PERKIN-ELMER MAS 50B -- INSTRUMENT SETUP

3.3.1 Mechanical Meter Zero: with the power switched OFF, make sure that
the meter pointer indicates exactly 0 microgram (10O%T). If it does
not, adjust the meter mechanical zero adjust screw with a screwdriver
to bring the meter pointer to 0 microgram (100%T).

3.3.2 Although the analyzer has been adjusted at the factory, it might become
necessary to adjust it if any of the following conditions apply:

• the mercury lamp has been replaced.

• the optical filter has been replaced (should be performed ONLY by
a qualified serviceman).

• when readings with standard samples constantly deviate more than
five percent of full scale in one direction.

Consult the instrument manual:

• Calibration at 9.0 fjg with a liquid sample, and
• Calibration at 1.0 fjg with a liquid sample.

3.3.3 Plug the line cord into the power receptacle. Turn the POWER and
PUMP switch ON and make sure that the pilot light glows.

3.3.4 Let the analyzer warm up for at least 15 minutes.

3.3.5 Turn the MEMORY switch OFF, the METER switch to %T, and CLOSE
the shutter.

3.3.6 Turn the 0%T knob to adjust the meter pointer to approximately 0%T.

3.3.7 OPEN the shutter. Turn the 0%T knob to adjust the meter pointer to
exactly 100%T. Return to 0%T by closing the shutter, and set 0%T
exactly using the 0%T knob. Recheck 100%T and adjust if needed.
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Repeat for 0%T.

Note: If deviation is noted when opening and closing the shutter, it
indicates insufficient warm up time for the lamp.

If 0%T or 100%T cannot be achieved, Hg lamp may require
adjustment or cell windows may require replacement.

3.3.8 Open the shutter. Turn the METER switch to the X5 position. Fine
adjust for 100%T with the 100%T knob.

3.3.9 Select the MEMORY function desired, ON or OFF. Select the %T scale.

3.4 SAMPLE AND STANDARD ANALYSIS

Perform the following steps for one bottle at a time. Analyze samples in the
following sequence:

Blank
Blank
0.0005 mg/L standard
0.0010 mg/L standard
0.0020 mg/L standard
0.0050 mg/L standard
0.0070 mg/L standard
0.0100 mg/L standard
ICV
ICB
Reporting limit standard
LCS
Method blank
Sample 1
Sample 1 DUP
Sample 1 MS
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6
Sample 7
Sample 8
Sample 9
Sample 10
CCS 1
CCB 1
Sample 11
Sample 11 DUP
Sample 11 MS



Section: CRA/SN-HGS
Revision: 0
Effective Date: 04/13/94
Page: 5 of 18

Sample 12
Sample 13
Sample 14
Sample 15
Sample 16
Sample 17
Sample 18
Sample 19
Sample 20
CCS 2
CCB 2

Repeat the sequence of twenty samples, LCS, method blank, CCS, and CCB
until all samples are analyzed.

CCS n
CCB n

3.4.1 Under an operating fume hood, add 6 ml_ of sodium chloride-
hydroxylamine sulfate solution to reduce excess permanganate.

Note: This step may release toxic chlorine gas.

3.4.2 When the solution has decolorized, wait 30 seconds, then add 5 ml of
stannous sulfate solution and immediately attach the bottle to the
aeration tube.

Stannous chloride volatilizes the mercury. It is, therefore, essential that
this step is performed very rapidly.

3.4.3 Observe the transmittance reading decrease on the meter to a minimum
point.

3.4.4 When the reading levels off (at approximately 1 minute), record the
reading in the analysis log.

3.4.5 Open the bypass valve and continue aeration until transmittance returns
to its maximum value.

3.4.6 Close the bypass valve, remove the stopper and frit from the bottle, and
rinse them with reagent water. Continue aeration.

3.5 DATA REDUCTION

3.5.1 Enter mercury standard concentrations and corresponding percent
transmittance values into the mercury software program.

3.5.2 After all standard points have been entered, save the data using the
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SAVE DATA TO DISK option.

3.5.3 Print the calibration data (standard concentration, absorbance) using the
PRINT DATA option.

3.5.4 Calculate the correlation coefficient of the calibration curve using the
RUN CORRELATION PROGRAM option. The correlation coefficient must
be >0.995.

3.5.5 Calculate sample concentrations from the calibration curve using the
RUN CORRELATION PROGRAM option. Manually correct concentration
values obtained from the software program for dilutions using the
following formula:

mg/kg Hg = mg/kg Hg (from curve) x ____IQOmL____ x 1000 g
sample volume (mL) kg

3.5.6 Plot the calibration curve using the RUN PLOT PROGRAM option.

4.0 DATA COLLECTION

4.1 Document the following in a bound lab notebook for each set of analyses
performed. Entries must be made at the time of analysis. See Figure 1.

Data collection should include the following:

• analysis method root code (i.e., AHGBO, AHGS, or AHGW) and brief
description.

• date and time analysis started and analyst(s) signature(s).

• NUS Laboratory sample number and sample aliquot. Identify any lab quality
control samples (method blanks, DUP/MS, LCSs).

• spikes added, to include the spiking solution identification number and the
volume of spike added for post-digestion spikes.

4.2 Forward the following to data management from each analytical run:

• preparation/analytical raw data, including logbook page(s),
worksheet/assignment sheets, and standard preparation pages.

• description of problems encountered and actions taken during sample
preparation and analysis on corrective action records.

• any instrument maintenance documented in the instrument maintenance log.
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5.0 QUALITY CONTROL

5.1 INSTRUMENT CALIBRATION

Prepare and analyze two blanks and standards at 6 concentration levels at the
start of each analytical sequence each time samples are prepared. Include the
instrument standardization date and time in the raw data.

5.2 INITIAL CALIBRATION VERIFICATION (ICV)

Immediately after initial instrument calibration, verify the accuracy of the initial
calibration and the efficiency of the overall digestion procedure by preparing
and analyzing an aqueous ICV for each batch of soil samples digested together.
This standard is independent of the calibration standards. When measurements
exceed the control limits of 80.0 - 120%, terminate analysis, correct the
problem, reprepare samples, and repeat calibration.

5.3 CONTINUING CALIBRATION STANDARD (CCS)

To ensure calibration accuracy during each analysis run, analyze a continuing
calibration verification after every ten samples. The standard must also be
analyze after the last sample. Each CCS must reflect the conditions of analysis
of all associated samples (the preceding 10 samples or the preceding samples
up to the previous CCS).

If the recovery of the continuing calibration verification is outside the control
limits of 80.0 - 120%, terminate the analysis, correct the problem, then
redigest and reanalyze either the preceding 10 samples or all samples analyzed
since the last good calibration verification.

5.4 INITIAL CALIBRATION BLANK (ICB) AND CONTINUING CALIBRATION BLANK
(CCB)

Immediately analyze a calibration blank after ever initial and continuing
calibration verification, at a frequency of every ten samples. The blank must
be analyzed at the beginning of the run and after the last CCV that was run
after the last sample of the run.

Evaluate blank (ICB, CCB) results as follows:

5.4.1 If the absolute value of the concentration of the blank is less than or
equal to the reporting limit, do not correct the results.

5.4.2 If any analyte concentration in the blank is above the reporting limits,
the lowest concentration of that analyte in the associated samples must
be 10x the blank concentration. Otherwise, all samples associated with
the blank with the analyte's concentration less than 10x the blank
concentration and above the reporting limit, must be reanalyzed for that



Section: CRA/SN-HGS
Revision: 0
Effective Date: 04/13/94
Page: 8 of 18

analyte (except for an identified aqueous soil field blank). The sample
concentration is not to be corrected for the blank value.

5.4.3 If the concentration of the blank is below the negative reporting limit,
then all samples reported below 10x the reporting limit associated with
the blank must be redigested and reanalyzed.

5.5 REPORTING LIMIT (RL) STANDARD

The reporting limit standard is a standard analyzed at the concentration of the
reporting limit. Run an RL immediately after the initial CB/MB. The RL has a
recovery criterion of > 50%. If this limit is not met, terminate the analysis
sequence; troubleshoot the standard solution, digestion, and/or CVAA system;
redigest the batch.

An acceptable reporting limit standard recovery must be obtained prior to
continuing sample analysis.

5.6 LABORATORY CONTROL SAMPLE (LCS)

Prepare and analyze one solid LCS for each batch of up to twenty solid samples
digested together.

Recovery limits for the LCS are listed in Table 1. The LCS limits are statistically
based and are updated annually; they are subject to change.

5.7 METHOD BLANK

The method blank is an empty BOD bottle to which all reagents are added and
all manipulations are performed. Prepare and analyze one method blank for
each batch of up to 20 solid samples digested together. The method blank
must be below the reporting limit. If it is not, troubleshoot the system and
redigest all samples associated with the blank that are > the reporting limit and
< 10x the level in the blank.

5.8 SPIKE SAMPLE ANALYSIS

The spike sample analysis is designed to provide information about the effects
of the sample matrix on the digestion and measurement methodology.

Add 1 //g/L spike at the start of sample preparation, and prior to the addition
of other reagents, to a second aliquot of the selected sample(s). At least one
spike sample analysis must be performed for every ten samples digested
together.

If the spike recovery is not at or within the limits of 75-125%, the data for
that sample is flagged. An exception to this rule is granted in situations where
the sample concentration exceeds the spike concentration by a factor of four
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or more. In such an event, the data shall be reported unflagged even if the
percent recovery does not meet the 75-125% recovery criteria.

Percent recovery (%R) is calculated as follows:

% Recovery = fSSft - SRI x 100
SA

where SSR - Spiked Sample Result
SR = Sample Result
SA = Spike Added

When the sample concentration is less than the reporting limit, use SR = 0 for
purposes of calculating % Recovery.

5.9 DUPLICATE SAMPLE ANALYSIS

Analyze one sample in duplicate for every ten samples digested together. The
relative percent difference (RPD) is calculated as follows:

RPD = \S - D\ x 100
fS + DJ/2

where RPD = Relative Percent Difference
S = First Sample Value (original)
D = Second Sample Value (duplicate)

Limits for precision are listed in Table 1. If range or RPD exceeds the
acceptance limits for an aqueous sample matrix, reanalyze the duplicate sample.
If precision remains non-conforming, redigest and reanalyze the original and
duplicate samples and 25% of the positive results.

Note: If 25% of positive samples does not calculate to a whole number, round
up to determine the number of samples to be rerun.

If reanalysis results do not duplicate original results, redigest and reanalyze all
samples and report reanalysis results.

5.10 INSTRUMENT DETECTION LIMIT (IDL) DETERMINATION

Determine instrument detection limits for each instrument used, at least
quarterly (every 3 calendar months). The IDLs must meet the reporting limits.

Determine the Instrument Detection Limits as follows:

• Prepare a standard solution at a concentration 3-5x the manufacturer's
suggested IDL initially, then 3-5x the previously determined IDL thereafter.
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• Perform seven consecutive measurements of the standard on three
nonconsecutive days (a total of 21 measurements).

Perform each measurement as if it were a separate analytical sample followed
by a rinse and/or any other procedure normally performed between analyses
of separate samples.

Calculate the mean and standard deviation for each set of seven
measurements. The observed daily mean must fall within a factor of two of
the true value for the data to be useful for the IDL study.

• Average the standard deviation values.

• Calculate the IDL (//g/L) by multiplying the average SD by 3.

IDLs are determined and reported.

If the instrument is adjusted in any way that may affect the IDL, the IDL for
that instrument must be redetermined and the results submitted for use as the
established IDL for that instrument for the remainder of the quarter.

5.10 METHOD DETECTION LIMIT STUDIES

A method detection limit (MDL) study for water analysis is performed annually
according to 40 CFR 136, Appendix B. Statistically-based MDLs must be <
reporting limits for the method.

6.0 INTERFERENCES

6.1 Possible interference from sulfide is eliminated by the addition of potassium
permanganate. Concentrations as high as 20 mg/L of sulfide as sodium sulfide
do not interfere with the recovery of added inorganic mercury from reagent
water.

6.2 Cooper has also been reported to interfere; however, cooper concentrations as
high as 10 mg/L had no effect on recovery of mercury from spiked samples.

6.3 Sea waters, brines and industrial effluents high in chlorides require additional
permanganate (as much as 25 mL). During the oxidation step, chlorides are
converted to free chlorine which will also absorb radiation of 253 nm. Care
must be taken to assure that free chlorine is absent before the mercury is
reduced and swept into the cell. This may be accomplished by using an excess
of hydroxylamine sulfate reagent (25 mL). Both inorganic and organic mercury
spikes have been quantitatively recovered from the sea water using this
technique.

6.4 While the possibility of absorption from certain organic substances actually
being present in the sample does exist, EPA's EMSL has not encountered such



Section: CRA/SN-HGS
Revision: 0
Effective Date: 04/13/94
Page: 11 of 18

samples. This is mentioned only to caution the analyst of the possibility.

6.5 Samples containing high concentrations of oxidizable organic materials, as
evidenced by high chemical oxygen demand values, may not be completely
oxidized by this procedure. When this occurs, the recovery of organic material
will be low. The problem can be eliminated by reducing the weight of the
original sample or by increasing the amount of potassium persulfate (and
consequently stannous chloride) used in digestion.

7.0 SAFETY PRECAUTIONS

7.1 Wear a lab coat and safety glasses with side shields at all times while
performing this procedure. Wear gloves to avoid skin contact with acids,
bases, organic solvents and possible toxicants used as reagents or contained
in the samples for analysis.

7.1.1 Should skin or eye contact occur, flush the exposed area(s) with large
amounts of water and seek immediate medical attention.

7.1.2 Never pioet materials by mouth. Use a rubber bulb or other approved
suction device to transfer materials by pipet.

7.2 Handle and store all reagents in accordance with the precautions listed on the
Material Safety Data Sheets (MSDS).

7.2.1 Consult the MSDS for each reagent listed in this procedure before use.
The MSDS will provide pertinent information on toxicity, safety
precautions and storage conditions.

7.2.2 Always consult the label on the reagent bottle for up-to-date information
on safety precautions during handling, preferred storage conditions and
expiration data.

7.2.3 Label all flasks, vials, etc., with the intended contents prior to filling.
Follow established laboratory procedure in completing and affixing
labeling information to equipment.

7.3 Avoid breathing solvent and standard solution vapors. If overexposure to
vapors should occur, seek fresh air and immediate medical attention.

7.4 Handle all glass equipment with care.

7.5 When preparing diluted solutions of concentrated acids, ALWAYS ADD ACID
to WATER.

7.6 An open system where the mercury vapor is passed through the absorption cell
only once may be used instead of the closed system.
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7.7 Because of the toxic nature of mercury vapor, precaution must be taken to
avoid inhalation. Therefore, a bypass has been included in the system to either
vent the mercury vapor into an exhaust hood or pass the vapor through some
absorbing media, such as equal volumes of 0.1 M KMnO4 and 10% H2SO4,
0.25% iodine in a 3% Kl solution, or s specially treated charcoal that will
absorb mercury vapor.

8.0 APPARATUS AND MATERIALS

8.1 Perkin-Elmer 50B or Bacharach/Coleman MAS 50B Mercury Analyzer.

8.2 Software program for calculation of mercury results.

9.0 REAGENTS

The toxicity or carcinogenicity of each reagent used in this method has not been
precisely defined; however, each chemical compound should be treated as a potential
health hazard. A reference file of Material Safety Data Sheets is available to all
personnel.

9.1 Reagent water: deionized water.

9.2 Aqua regia: prepare immediately before use by carefully adding three volumes
of concentrated hydrochloric acid to one volume of concentrated nitric acid.

9.3 Sulfuric acid. 0.5N: dilute 14.0 mL of cone, sulfuric acid to 1.0 liter.

9.4 Stannous sulfate: add 25 g of stannous sulfate to 250 mL of 0.5N sulfuric acid.
This mixture is a suspension and should be stirred continuously during use.
(Stannous chloride may be used in place of stannous sulfate.)

9.5 Sodium chloride-hydroxvlamine sulfate solution: dissolve 12 g of sodium
chloride and 12 g of hydroxylamine sulfate in reagent water and dilute to 100
mL. (Hydroxylamine hydrochloride may be used in place of hydroxylamine
sulfate.)

9.6 Potassium permanganate: 5% solution, w/v. Dissolve 5 g of potassium
permanganate in 100 mL of reagent water.

9.7 Potassium persulfate: 5% solution, w/v. Dissolve 5 g of potassium persulfate
in 100 ml of reagent water.

9.8 Stock mercury solution (1 mL = 1 mg Hg): dissolve 0.1354 g of mercuric
chloride in 75 mL if reagent water. Add 10 mL of cone, nitric acid and adjust
the volume to 100.0 mL. Stock solutions may also be purchased.

9.9 Working mercury solution: make successive dilutions of the stock mercury
solution to obtain a working standard containing 0.1 //g per mL. This working



Section: CRA/SN-HGS
Revision: 0
Effective Date: 04/13/94
Page: 13 of 18

standard and the dilutions of the stock mercury solution should be prepared
fresh daily. Acidity of the working standard should be maintained at 0.15%
nitric acid. This acid should be added to the flask as needed before the addition
of the aliquot.

10.0 REFERENCES

10.1 U.S. ERA. "Methods for Chemical Analysis of Water and Wastes," EPA-600/4-
79-020, revised March, 1983. Method 245.5.

10.2 U.S. ERA. "Test Methods for Evaluating Solid Waste-Physical/Chemical
Methods," SW-846, 1986. Method 7471.
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MERCURY
STANDARD CURVE

Date: ___

Analyse

Stock Solution - 1000 mg/L Hg

Manufacturer _________

Lot*. ______________

Wavelength: 253.7 nm

Digestion: Autoclave:

SOLUTION I - 10 mg/1 Hg
10.0 mL STOCK SOLN plus 5 mL HNOj/1 Liter

SOLUTION n - 0.1 mg/L Hg
10.0 mL SOLN I plus 5 mL HNO^l Liter

SOLUTION CD - 0.01 mg/L Hg
10.0 mL SOLN H plus 0.5 mL HNCyiOO mL

Steam Bath:
Time On _
Time

Time
Time
Time

Time Off.

TcmpCQ.
Temp CO.
Temp CO.

TcmpCQ.
TempCQ.

.Temp CO.

Final Dilution

0.0 mL
2.0 mL SOLN m/100 mL
5.0 mL SOLN m/100 mL
10.0 mL SOLN ffl/lOO mL
3.0 mL SOLN n/100 mL
5.0 mL SOLN D/100 mL
7.0 mL SOLN n/100 mL
10.0 mL SOLN 0/100 mL
0.0 mL

Correlation Coefficient (r):

CALCULATIONS:

Final Cone.
0.0000 mg/L
0.002 mg/L
0.0005 mg/L
0.0010 mg/L
0.0030 mg/L
0.0050 mg/L
0.0070 mg/L
0.0100 mg/L
0.0000 mg/L

Peak Height (T%> Absorbance

Absorbancc = 2 - log (XT)

mg/L Hg = (Curve Reading) (• 100
Sample Aliquot

) {Dilutions)
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TOTAL CYANIDE

1.0 SCOPE AND APPLICATION

This method is applicable to the determination of total cyanide in drinking,
surface ground and saline waters, domestic and industrial wastes, and
soil/sediment or waste.

2.0 SUMMARY OF METHOD

After acidification, the cyanide is released from complexed cyanide by reflux-
distillation and is collected as hydrocyanic acid (HCN) in a scrubber containing
sodium hydroxide solution. The cyanide ion in the absorbing solution is then
determined colorimetrically.

In the colorimetric procedure, the cyanide is converted to cyanogen chloride
(CNCI) by reaction with chloramine-T at low pH. Color is developed upon
addition of pyridine-barbituric acid reagent. Absorbance is measured at 578
nm by a spectrophotometer. A standard curve is developed using known
concentrations of cyanide in solution. Sample concentrations are measured
from the standard curve.

3.0 PROCEDURE

3.1 STANDARDIZATION OF SOLUTIONS

3.1.1 Prepare the potassium cyanide stock, silver nitrate standard and chloride
standard solutions as directed in Sections 9.2-9.4.

3.1.2 Determine the normality of the silver nitrate standard after preparation
as follows:

a. Attach the glass and silver-silver chloride electrodes to a mV meter
with an expanded scale.

b. Pipet 10.0 mL of 0.01 N chloride standard (KCI) into a 250-mL
beaker and dilute to 100 mL with reagent water.

Approvals:

/

-, .- - L! - /./ ftMWy-AD-9/
Technical Operations Date T3roup Leader Date Quality
Manager Director
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c. Add 2.0 ml_ concentrated HNO3 and a small stir bar.

d. Immerse the electrodes slowly and record the initial mV reading.

Note: Maintain an even stirring rate. Avoid large air bubbles under
the electrodes by adjusting the stir rate or re-immersing the
electrodes.

e. Add 0.01 N AgNO3 titrant in small increments using a buret. Record
the mV readout after each increment. See Figure 1 for a titration
example.

Note: Avoid stopping the titration too early or too few points will be
available to draw the line beyond the end-point.

f. Plot mV vs. mL AgNO3 to determine the endpoint of the titration.
The end-point is the mid-point of the straight line connecting the two
parallel lines as indicated in Figure 2.

g. Repeat steps 3.1.2b-e until the AgNO3 titers agree within 1 ml and
the mV readings within ±_ 2 units.

h. Calculate the normality (N) of the AgN03 standard using the
following equation:

N = 0.01 N KCI x 10 mL KCI
mL AgNO3 at endpoint

3.1.3 Standardize the potassium cyanide stock monthly as follows:

a. Transfer 50 ml of 250 mg/L KCN stock to a flask and dilute to 100
ml with 0.04 N NaOH.

b. Add 0.5 mL rhodamine indicator.

c. Titrate with standard AgNO3 using a microburet to the first color
change from yellow to salmon pink. Record the buret reading.

d. Repeat steps 3.1.3a-c until the titers agree within 0.5 mL.

e. Titrate a blank of 0.04 N NaOH following steps 3.1.3a-d.

f. Calculate the cyanide concentration of the KCN stock solution using
the following equation:

mg/L CN = (A-B1 x N AoNO, x 0.052 x 106

50 mL KCN stock
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where A = mL AgNO3 needed to titrate standard
B = mL AgNO3 needed to titrate blank
N AgNO3 was calculated in step 3.1.2.h

g. Calculate the proper aliquot of KCN stock required to prepare a liter
of 2.5 mg/L CN as follows:

X = 2.5 ma/L CN x 1000 mL
mg/L CN stock cone.

where (mg/L CN stock concentration) was calculated in 3.1.3.f.

3.1.4 Complete the standardization process as follows:

a. Prepare the working standards as directed in Section 9.2.

b. Distil! and measure absorbance in the working standards as described
in Sections 3.3 and 3.4.

c. Prepare standard curves, as described in Figures 3 and 4, of mg/L
CN vs. net absorbance per cell size (i.e., 1 and 5 cm cells).

3.2 SAMPLE PREPARATION

3.2.1 Analyze samples preserved with NaOH solution to pH >12 and
refrigerated at 4°C. Check the sampling (i.e., collection) date and
analyze the samples within 14 days of sampling.

Note: Test all samples for sulfide and chlorine interference and pretreat as
necessary. Test and pretreat for the other interferences as necessary.
Consult with the Group Leader, if required, to determine the necessity
of additional interference testing.

3.2.2 Test and pretreat for sulfide as follows:

a. Moisten a strip of lead acetate test paper with acetic acid (1:9, v/v).
Place a drop of sample on the test paper and check for darkening to
indicate the presence of sulfide.

b. If sulfide is present, add lead nitrate solution or lead carbonate
powder as follows:

• If lead nitrate solution is used, check and adjust the pH to 12
(approx.) before proceeding. Add the lead nitrate solution
dropwise to the sample and mix thoroughly.

• Lead carbonate powder is preferred only when significant
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quantities of sulfides are present and the addition of sufficient
lead nitrate solution to remove it would depress the sample pH.

Avoid adding excess lead carbonate because cyanide could be
lost by adherence to the powder.

c. Repeat steps 3.2.2a-b as necessary until lead sulfide is no longer
detected.

d. Immediately filter the sample through dry filter paper (0.45 jj) into
a vacuum flask.

e. Test a small portion of the filtrate for sulfide as described in step
3.2.2a before proceeding with chlorine testing. If sulfide is present,
repeat steps b through e.

3.2.3 Test and pretreat for chlorine as follows:

a. Moisten a strip of potassium iodide-starch test paper with acetic acid
(1:9, v/v). Place a drop of sample on the paper and check for bluish
darkening to indicate chlorine.

b. Add 0.1 g of sodium arsenite per liter of sample if chlorine is
present. Retest as described in step 3.2.3a.

c. Repeat the sodium arsenite addition as necessary until retesting is
negative for chlorine.

d. Use a suitable aliquot from the pretreated sample for the distillation
described in Section 3.3.

3.2.4 Pretreat the samples if necessary for fatty acids or oils as follows:

a. Acidify the sample with acetic acid (1:9, v/v) to pH 6-7.

Note: Perform this step in a hood due to the possible evolution of
toxic HCN gas.

b. Extract the sample in a separatory funnel using iso-octane, hexane
or chloroform, in order of preference, as follows:

• Transfer the sample aliquot measured in a graduated cylinder to
a separatory funnel and stopper it. Record the volume in the data
logbook.

• Add a solvent volume equal to approximately 20% of the sample
volume, measured in a graduated cylinder, to the separatory
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funnel.

• Seal the separatory funnel. Invert several times and vent the
funnel into the hood by opening the stopcock.

Close the stopcock. Continue to shake and vent for
approximately 30 seconds.

• Allow the layers to separate and discard the solvent layer,

c. Immediately, adjust the sample pH to >12 with NaOH solution.

3.2.5 Pretreat the samples if necessary for nitrite as follows:

a. Transfer a small amount of sample to a beaker and adjust the pH to
approximately 7. Add approximately 1 ml_ of 1-
naphthylethylenediamine reagent and check for a pink reaction to
indicate nitrite.

b. Add 2 g of sulfamic acid per 500 ml_ of sample if nitrite is present.
Add the sulfamic acid before the addition of H2SO4 as described in
step 3.3.8.

3.2.6 Pretreat the samples if necessary for aldehydes as follows:

a. Transfer a small aliquot of sample to a beaker and adjust the pH <8
using H2SCy

b. Test the sample aliquot for aldehydes as follows:

• Place one drop each of sample and reagent water into separate
wells of a white spot plate.

• Add one drop each of MBTH indicator and FeCI3 oxidizing solution
to each well. Mix with a stirring rod.

c. Check for color development after 10 minutes. A color change from
a fruit-green-yellow to a deeper green or blue-green indicates a
positive reaction.

d. Add 2 mL of 3.5% ethylenediamine solution per 100 mL of sample
if aldhydes are present.

3.3 DISTILLATION

Note: Refer to Figure 5 to assemble the distillation apparatus. Refer to Figure
6 for the distillation/analytical sequence.
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3.3.1 Add 100 mL of 0.1 N NaOH and 1 mL (approx.) of 5% Pb(NO3)2 in the
Fisher-Milligan gas washing bottle. Insert the bubble tube and tighten
the cap securely to prevent air bubbles.

3.3.2 Attach the gas washing bottle to the vacuum and the extension tube
to the bottle. Check that the vacuum does not draw adsorption solution
out of the collecting bottle.

3.3.3 Determine the sample aliquot as follows:

a. Place a small amount of sample in a beaker and add the reagents for
color development described in steps 3.4.2 and 3.4.3.

Note: Exact timing for color development is not necessary at this
point.

b. Determine a sample aliquot, up to a maximum of 500 mL or 5 g,
that contains <_ 5 mg of cyanide (i.e., 10 mg/L). Dilute concentrated
sample aliquots with 0.04 N NaOH.

3.3.4 Add the sample aliquot and boiling beads and chips to the 1000 mL
round-bottom flask. Add reagent water as necessary to bring the final
volume to 500 mL.

3.3.5 Place the air inlet tube in the flask and connect the sidearm to the
condenser.

3.3.6 Turn on the vacuum and adjust the airflow entering the boiling flask to
approximately one bubble per second.

Note: Turn on the vacuum at the source and at the stopcock. Regulate
the vacuum rate by adjustment of the stopcock.

Check that the bubbles pass through each coil in the gas washing
bottle.

3.3.7 Add 20 mL of MgCI2 solution through the air inlet tube.

3.3.8 Rinse the air inlet tube with reagent water and allow the air flow to mix
the contents of the flask for approximately five minutes.

Note: Add sulfamic acid, if necessary, as described in step 3.2.5.b to
remove nitrites at this time.

3.3.9 Add 50 mL of H2SO4 (1:1, v/v) through the air inlet tube. Rinse the
tube with reagent water and mix well.
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3.3.10 Turn on the condenser cooling water. Heat the solution to boiling while
preventing solution backflow into the air inlet tube by adjusting the
stopcock.

Adjust the air flow to the proper rate described in step 3.3.6 before
proceeding to more samples.

Note: Avoid starting too many samples at once because each sample
will require special attention when the boiling point is reached.

Watch the sample closely as it approaches the boiling point to
prevent solution backflow into the air inlet tube. Open the
stopcock to force the liquid down the tube as necessary. Avoid
opening the stopcock for long periods because HCN will be lost
to the atmosphere.

3.3.11 Reflux for 1 hour.

3.3.12 Turn off the heat but maintain air flow for 15 minutes after the
distillation period.

3.3.13 Quantitatively transfer the absorption solution into a 250-mL stoppered
graduated cylinder. Rinse the flask with several small quantities of
reagent water to complete the transfer. Dilute to volume with reagent
water, stopper the cylinder and invert several times to mix well.

Note: Filter distillates containing a brown or black precipitate of excess
sulfide through a 0.45 p filter after diluting to volume. Prepare
two separate aliquots, differing by at least a factor of 2, for color
development.

Consult with the Group Leader, if required, to determine if the
results of these aliquots indicate the sample needs redistilled.

3.4 COLORIMETRIC MEASUREMENT

Note: Calibrate and use the spectrophotometer according to the
manufacturer's guidelines.

Prepare a maximum of 6 samples at one time for color development.

3.4.1 Transfer 40 mL of distillate, or an aliquot diluted to 40 mL with 0.04
N NaOH, into a 50-mL stoppered graduated cylinder.

3.4.2 Add 1.0 mL of chloramine-T solution and 1.0 mL of acetate buffer,
stopper the cylinder and invert 2-3 times to mix well. Allow to stand
undisturbed for exactly 2 minutes.
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Note: Chloramine-T is volatile. To prepare multiple samples, add the
reagents, mix and begin timing on one sample at a time.

3.4.3 Add 5.0 mL of pyridine-barbituric acid reagent and dilute to volume with
reagent water. Mix thoroughly and allow to stand undisturbed 8
minutes.

3.4.4 Zero the spectrophotometer with reagent water. Measure the
absorbance (A) of the samples at 578 nm using a 1 or 5 cm cell.

Note: Observe proper timing - all samples must be measured within 15
minutes after addition of the pyridine-barbituric reagent.

3.4.5 Prepare 40 mL of 0.04 N NaOH as described in steps 3.4.2-3.4.4 for
use as a blank.

3.5 CALCULATIONS

3.5.1 Water sample calculations:

mg/L CN = CF x Net Abs. x 250 mL x 50 mL x Dilutions
SA(mL) CA(mL)

where CF = Curve factor
SA = Sample aliquot in mL
CA = Color aliquot in mL

3.5.2 Solid sample calculations:

mg/kg CN = CF x Net Abs. x 250 mL x 50 mL x Dil'ns
SA (g) CA(mL)

where CF = Curve factor
SA = Sample aliquot in grams (wet weight)
CA = Color aliquot in mL

4.0 DATA COLLECTION

4.1 Document all data in a bound lab notebook for each set of distillations and
measurements performed. Entries must be made at the time of distillation and
measurement. Examples for standard curve data collection are shown in
Figures 3 and 4. An example data logbook entry is shown in Figure 7.

Data collection for samples should include the following:

• analytical method and preparation method code and brief description.
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• date and time distillation started and completed, and analyst(s) signature(s)
and identification number(s).

• date and time colprimetric measurement started and completed, and analyst(s)
signature(s) and identification number(s).

• data values for each sample.

• NUS laboratory sample number and aliquot. Identify any lab quality control
samples (method blanks, matrix spike (MS)/duplicates, LCSs).

• spikes added, to include the spiking solution identification number and the
volume of spike added.

4.2 Forward the following to data management from each analytical run:

• preparation raw data, including standards/spiking solutions preparation pages.

• analytical raw data, including logbook page(s) with all samples and associated
quality control samples.

• standard curve data.

• description of problems encountered and actions taken during sample
preparation and analysis on corrective action records.

• any instrument maintenance documented in the instrument maintenance log.

5.0 QUALITY CONTROL

5.1 METHOD BLANKS

Prepare and analyze a method blank (i.e., 0.04 N NaOH) with each batch of
samples distilled.

If more than 20 samples are included in a batch, prepare an additional method
blank.

Note: In such cases, both blanks will be applicable to all samples in the batch
for the purpose of quality control evaluation.

The absolute value of the method blank must be < the reporting limit. If it is
not, the samples associated with the nonconforming blank that also contain
total cyanide at levels from the reporting limit to 10 times the level in the blank
must be redistilled.
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5.2 CALIBRATION

The calibration standard series described on Figures 3 and 4 must be run
annually at a minimum. The curve is run in triplicate for both 1 and 5 cm cells.
An average factor is calculated. Run laboratory control standards (LCSs) to
check curve validity as described in Section 5.3.

If this initial LCS does not pass the criteria in Table 1 take corrective action
that may include recalibration.

5.3 DAILY STANDARD

Prepare a daily standard, an independently traceable standard distilled with the
samples, at the start and end of the run and for every batch of up to 10
samples. The recovery limits are 83.8 - 119%. If the limits are not met,
terminate analysis and troubleshoot the system. If the problem can not be
located, reanalyze the entire batch; otherwise, reanalyze the affected samples.

These limits are statistically based and are updated semi-annually; they are
subject to change.

5.4 LABORATORY CONTROL SAMPLES (LCS)

Run a solid reference material for each batch of up to 20 solid samples for
total cyanide. The LCS control limits are 79.9 - 124%. If an LCS fails, redistill
and reanalyze all associated samples in the batch.

These limits are statistically based and are updated semi-annually; they are
subject to change.

5.5 REPORTING LIMIT (RL) STANDARD

Analyze a standard at the concentration of the reporting limit immediately after
the first daily standard of each analysis sequence. The RL must recover
>50%. If it does not, terminate analysis and troubleshoot the system.

5.6 MATRIX SPIKES AND DUPLICATES (MS/DUP)

Measure a matrix spike and duplicate for every 1 in 10 samples daily as
follows:

• The MS consists of an aliquot of sample and an aliquot of a standard solution.

Spike recoveries outside 75.0 to 125% are qualified provided daily standard
recoveries are acceptable.

• The duplicate analysis consists of a second aliquot of a sample processed in
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the same manner as the original aliquot.

Limits for precision are RPD ±s27.1%, range <2DL (waters) and RPD
<17.2%, range <4DL (soils). Reanalyze the duplicate sample when
precision is unacceptable. Spotcheck 25% of the positive results if it remains
nonconforming. Rerun all samples and report recheck results if spotchecks
do not duplicate original results.

These limits are statistically based and are updated semi-annually; they are
subject to change.

5.7 METHOD DETECTION LIMIT STUDIES

A method detection limit (MDL) study for water analysis is performed annually.
Statistically-based MDLs must be < reporting limits for the method.

6.0 INTERFERENCES

6.1 Solvents, reagents, glassware, and other sample processing hardware may be
sources of contamination and/or interferences to sample analysis. All these
materials must be demonstrated to be free from interferences under the
conditions of the analysis by analyzing method blanks. Use of specific grades
of reagents is required.

6.2 Sulfides slowly convert cyanide to thiocyanate (SCN). Some sulfur compounds
may decompose during the acid digestion/distillation to release H2S gas into
the adsorption solution causing discoloration.

6.3 Oxidizing agents such as chlorine destroy cyanide during analysis. Addition of
sodium arsenite to samples containing oxidizers is recommended.

6.4 Fatty acids that distil! into the adsorption solution cause turbidity. Fatty acids,
if present, are removed by solvent extraction at low pH prior to distillation.

6.5 Aldehydes combine with cyanide to form cyanohydrins that convert to the
corresponding carboxylic acids resulting in little or no generation of HCN.
Aldehyde interference may be minimized by the addition of ethylene diamine to
the sample.

6.6 This method does not distinguish between cyanide ions and metallocyanide
compounds and complexes. Cyanates and cyanogen halides are not detected.
The cyanide in cyano-complexes of cobalt, gold and platinum are not
completely determined. Only a few organo-cyanide complexes are partially
recovered.
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7.0 SAFETY PRECAUTIONS

7.1 Cyanide is acutely toxic by dermal, inhalation or oral routes of entry. Use
requisite safety equipment to avoid contact during sample processing and
disposal.

7.1.1 Wear a lab coat and safety glasses with side shields at all times while
performing this procedure. Wear gloves to avoid skin contact with
acids, bases, organic solvents and possible toxicants used as reagents
or contained in the samples for analysis.

Should skin or eye contact occur, flush the exposed area(s) with large
amounts of water and seek immediate medical attention.

7.1.2 Never pipet materials by mouth. Use a rubber bulb or other approved
suction device to transfer materials by pipet.

7.1.3 Manipulate highly concentrated standards or samples during
acidification in a closed system or under an operating fume hood.

7.2 Dispose of cyanide-containing samples and reagents according to established
laboratory waste disposal guidelines.

7.3 Handle and store all reagents in accordance with the precautions listed on the
Material Safety Data Sheets (MSDS).

7.3.1 Consult the MSDS for each reagent listed in this procedure before use.
The MSDS will provide pertinent information on toxicity, safety
precautions and storage conditions.

7.3.2 Always consult the label on the reagent bottle for up-to-date
information on safety precautions during handling, preferred storage
conditions and expiration data.

7.3.3 Label all flasks, vials, etc., with the intended contents prior to filling.
Follow established laboratory procedure in completing and affixing
labeling information to equipment.

7.4 Avoid breathing solvent and standard solution vapors.

If overexposure to vapors should occur, seek fresh air and immediate medical
attention.

7.5 When preparing dilute solutions of concentrated acids, ALWAYS ADD ACID to
WATER.

7.6 Handle all glass equipment with care, particularly during assembly and
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disassembly.

8.0 APPARATUS AND MATERIALS

8.1 Distillation apparatus: Refer to Figure 5 for assembly information.

8.1.1 Round-bottom flask: 1000-mL with T/s joint.

8.1.2 Condenser: Allihn water-cooled condenser.

8.1.3 Air inlet tube: Tube with T/s joint.

8.1.4 Adaptors.

8.1.5 Gas washer: Fisher-Milligan spiral-type washer.

8.1.6 Extension tubes.

8.1.7 Rubber tubing.

8.2 Graduated cylinders: 250- and 50-mL stoppered, glass cylinders.

8.3 Heaters: Mantle-type.

8.4 Timer: Accurate to 1 minute.

8.5 Microburet: 10-mL glass buret.

8.6 Flasks: 500-mL Erlenmyer flasks.

8.7 Spectrophotometer: Use at 578 nm and provide a light path of 50 mm or
longer.

9.0 REAGENTS

9.1 Reagent water: Deionized water.

9.2 Potassium Cyanide Solutions:

9.2.1 Potassium Cyanide Stock Solution (nominally 250 mg/L CN) -Dissolve
0.6258 g of potassium cyanide (KCN) in 40 ml of 1 N NaOH solution
in a 1 -L volumetric flask. Dilute to volume with reagent water and mix
thoroughly. Standardize with standard silver nitrate solution monthly
as described in Section 3.1.

Store at 4°C in a dark bottle. Prepare a fresh solution each time
standard curves are done and when recovery data indicates
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deterioration.

9.2.2 Potassium Cyanide Solution I (nominally 2.5 mg/L CN) - Dilute 10.0 mL
of KCN stock solution and 36 ml of 1 N NaOH solution to volume with
reagent water in a 1-L volumetric flask. Mix thoroughly.

Prepare fresh daily.

9.2.3 Potassium Cyanide Solution II (nominally 0.25 mg/L CN) - Dilute 20.0
ml of KCN solution I and 7 ml of 1 N NaOH solution to volume in a
200-mL volumetric flask with reagent water. Mix thoroughly.

Prepare fresh daily.

9.3 Silver Nitrate Standard Solution (0.01 N): Dissolve 1.6987 g AgNO3 in reagent
water and dilute to volume in a 1-L volumetric flask. Mix thoroughly.
Determine the normality as described in Section 3.1.

9.4 Chloride Standard Solution (0.01 N): Dissolve 0.7456 g of KCI (NIST grade -
dried at 105 C for 1 hour and stored desiccated) in reagent water and dilute
to volume in a 1-L volumetric flask. Mix thoroughly.

9.5 Sodium Hydroxide Solutions:

9.5.1 Sodium Hydroxide Solution (10 N) - Dissolve 400 g of NaOH pellets in
reagent water in a 1-L flask. Dilute to volume and mix thoroughly.
Alternatively, purchase commercially prepared solution.

9.5.2 Sodium Hydroxide Solution (1 N) - Dilute 100 mL of 10 N NaOH
solution to volume in a 1-L flask. Mix thoroughly. Alternatively,
purchase commercially prepared solution.

9.5.3 Sodium Hydroxide Solution (0.1 N) - Dilute 10 ml of 10 N NaOH
solution to volume in a 1-L flask. Mix thoroughly.

9.5.4 Sodium Hydroxide Solution (0.04 N) - Dilute 4.0 mL of 10 N NaOH
solution to volume in a 1-L flask. Mix thoroughly.

9.6 Nitric Acid: C.P. grade, concentrated.

9.7 Rhodamine Indicator Solution: Dissolve 0.02 g of p-dimethylamino-benzylidene
in 100 mL of acetone in a volumetric flask. Mix thoroughly.

Store at 4°C in a dark bottle.

9.8 Sodium Acetate Buffer: Dissolve 410 g of sodium acetate trihydrate
(NaC2H302*3H2O) in 500 mL of reagent water in a beaker. Add glacial acetic
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acid to pH 4.5 (approx. 500 mL). Mix thoroughly.

9.9 Chloramine-T (1%): Dissolve 1.0000 g of the white-colored, water-soluble
grade powder chloramine-T in 100 mL of reagent water in a volumetric flask.
Mix thoroughly.

Store under refrigeration in a dark bottle. Return the solution immediately to
the refrigerator when not in use. Prepare fresh weekly.

9.10 Magnesium Chloride Solution: Dissolve 510 g of magnesium chloride
(MgCL2*6H20) in reagent water and dilute to 1 liter. Mix thoroughly.

9.11 Lead Nitrate Solution: Dissolve 50 g of Pg(NO3)2 in 1 liter of reagent water.
Mix thoroughly. Lead acetate [Pb(OAC2)l may be substituted.

9.12Sulfuric Acid (1:1. v/v): Slowly add 1 volume of concentrated sulfuric acid to
1 volume of reagent water. Stir and cool the solution during the addition.

9.13 Pvridine-Barbituric Acid Reagent: Prepare this solution under a hood. Add 60
g of barbituric acid and just enough reagent water to wash the sides of a 1-
L flask and wet the barbituric acid. Add 300 mL of pyridine and mix. Add 60
mL of concentrated hydrochloric acid all at once and additional reagent water
to dissolve the barbituric acid. Mix thoroughly and cool to room temperature.
Dilute to volume with reagent water and mix.

Store at 4°C in a dark bottle. Prepare fresh every six months.

9.14 Acetic Acid (1:9. v/v): Mix 1 volume of glacial acetic acid with 9 volumes of
water.

9.15Ethylene Diamine (3.5%): Dilute 3.5 ml of pharmaceutical grade anhydrous
NH2CH2NH2 to volume with reagent water in a 100-ml flask. Mix thoroughly.

9.16 Ferric Chloride Oxidizing Solution: Dissolve 1.6 g sulfamic acid and 1 g
FeCL3«6H2O in 10 ml of reagent water. Mix thoroughly.

9.17MBTH Indicator Solution: Dissolve 0.05 g 3-methyl,2-benzothiazolone
hydrochloride in 100 ml of reagent water. Mix thoroughly. Filter if turbid.

9.18 Sulfamic Acid: Powder.

9.19 Sodium Arsenite: Powder.

9.20 Naphthvlethylenediamine Reagent: Add 105 mL concentrated HCI, 5.0 g
sulfanilamide and 0.5 g N-(1-naphthyl)ethylenediamine dihydrochloride to 250
mL of reagent water. Stir to dissolve. Add 136 g sodium acetate
(CH3COONa*3H2O) and stir to dissolve. Dilute to 500 mL with reagent water.
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Store in the dark. Prepare fresh monthly.

9.21 Solid Reference Material: Commercially prepared standard reference
material used as a LCS when running solid samples.

10.0 REFERENCES

10.1 "Annual Book of ASTM Standards," Volume 11.02, 1987, Method D-2036.

10.2 U.S. EPA 600/4-79-020, "Methods for Chemical Analysis of Water and
Wastes," March 1979; Method 335.2.

10.3 "Standard Methods for the Examination of Water and Wastewater," 17th
Edition, 1989, Method 4500-CN A-E.
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FIGURE 1

STANDARDIZATION OF AgNQj
POTENT1OMETR1C TTTTIATION

Standard Ka Solution (0.01 N)
0.74S6g. N8S Grade ICO/1000 ml Lot * KCI

Standard AgNOa Solution (0.01 N)
1.698g/1000 ml

Manufacturer/Lot f

Titrate 10.0 mL of 0.01N KCI with 0.01N AgNO3- Measure tha potential of the
KCI solution at the intervals specified below.

ml AoN(^ _____mv_____ ____instrument____

0.0
I.0
2.0
3.0
4.0
S.O
6.0
7.0
8.0
8.5
9.0
9.2
9.4
9.6
9.7
9.8
9.9
10:0
10.1
10.2
10.3
10.4
10.5
10.6
10.8
II.0
12.0
13.0
14.0
15.0

Analyst Date
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FIGURE 2
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FIGURE 3

W270
TOTAL CYANIDE
Standard Curve

late:____
Analyst:__
instrxnnent:_
i»'avelenght:_
Cell Width:

578 nra
5 cm

Stock Standard Solution: 250 mg/L CN

0.6258 g KCH * 40 rt. of IN NaOH/1000 mL
Manufacturer/Lot?__________________

Solution I: 2.5 ng/L CH
10.0 mL Stock * 36 mL of 1H TJaOH/lOOO mL

Solution II; 0.25 rog/L CN

20.0 mL Soln I * 7 mL of 1H NaOH/200

Working Standards
at Soln 11/250 «L

Color
Aliquot (mL)

Concentration
(mq/L)

Absorfaance
at 578 nra

Concentration
Net Abs.

0.0
10.0
20.0
30.0
40.0
50.0

25
25
25
25
25
25

0.000
0.005
0.010
0.015
0.020
0.025

FACTOR* « Average Cone./Net Abs.

ng/L CN - Factor X Net Abs. X 250 mL SO mL X dilutions
Sample Aliq. (nL) Color Aliq. ;mL)

Color Development Conditions
1.0 ml IS Chloranine - T
1.0 «L Sodium Acetate Buffer
S.O nL Pyridine Barbituric Acid

Approved by:_
Date:
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FIGURE 4

U270
TOTAL aANIDE
Standard Curve

Date: Si
Analyst:
Instrument:
Wavelength: 578 nm
Cell Width:

Working Standards
si. Soln I/250rrt.

0.0
5.0

10.0
15.0
20.0
25.0
30.0

FACTOR* = Average

1 cm

Color
Aliouot (mL)

25
25
25
25
25
25
25

Cone. /Net Abs.

S1

Concentration
(ma/L)

0.000
0.025
0.050
0.075
0.100
0.125
0.150

• 1

Stock Standard Solution: 250 mg/L CN
0.6258 g KCN + 40 ot of lf^ NaOH/1000 mL
Manufacturer/Lot?_______________

Standard Solution I: 2.5 mg/L Ol
10.0 mL Stock + 36 mL of IN KaOH/1000 ml

Absorbance Net
at 578 nm Abs.

Concentration
Net Abs.

mg/L CN « Factor X Net Abs. X 250 nL_____ X 50 mL____ X dilutions
Sanple Aliq. (at.) Color Aliq. (mL)

•Color Development Conditions
1.0 mL 15 Chloramine - T
1.0 «L Sodium Acetate Buffer
5.0 mL Pyridine Barbituric Acid

Approved by:_
Date:
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FIGURE 5

B- ADAPTOR

ALLIHH

WATER - COO'-Sti

AIR IHUET TUBE

A- ADAPTOR

8 mm O.O.

EXTENSION TUBE

STOPCOCK

TO VACUUM

FISHER -MILUG AH
iPJRAL CAS WASHER

C Y A N I D E DISTILLATION APPARATUS .
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FIGURE 6

Total Cyanide Determinations

Distillation/Analytical Sequence

Method Blank 1
Detection Limit Standard*
Laboratory Control Standard (Curve Check 1)
Sample 1
Sample 1 - duplicate
Sample 1 - matrix spike
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6
Sample 7
Sample 8
Sample 9
Sample 10
Laboratory Control Standard (Curve Check 2)
Sample 11
Sample 11 - duplicate
Sample 11 - matrix spike
Sample 12
Sample 13
Sample 14
Sample 15
Sample 16
Sample 17
Sample 18
Sample 19
Sample 20
Method Blank 2
Laboratory Control Standard (Curve Check 3)
I

Repeat analytical sequence as necessary to analyze all samples.
I

Laboratory Control Standard (Curve Check n)

The absorbance of the detection limit standard must be discernable above
that of the method blank for analysis to continue.
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FIGURE 7

TITLE PROJECT NO.
BOOK NO. : /V?2-?Z

107



STANDARD OPERATING PROCEDURE

Sample Receipt And Check-In

SOP NUMBER MN-C-702-F

AUTHOR Sue Lautt

EFFECTIVE DATE October 5, 1993

SUPERSEDES MN-C-702-E

APPROVAL

Sample Receiving Supervisor Date

/ 0
Manager, Marketing & Client Date
Services

Qualfty Assurance Officer



MN-v_-/u<:-F

TABLE OF CONTENTS

I.
II.
III.
IV

u

VI.

VII

VIII.

PURPOSE. ................................

SCOPE. ..................................

RESPONSIBILITIES. .......................

REVIEHS/REVISIONS. ......................

DISTRIBUTION. ...........................

GENERAL POLICIES PROCEDURES. ............

ORDER/ENTRY SYSTEM USE. .................

REFERENCES. .............................

Paae No.
\

.................. 1

................. l

................. 1

................. 1

.................. 1

................. 10

................. 10



SAMPLE RECEIPT AMD CHECK-IN F i l e Name W£P_MNSQE22___
Date October 5. 1993

MN-C-702-F Page 1 of 18_____

I. PURPOSE

A. The purpose of this Standard Operating Procedure (SOP) is to
establish a uniform and efficient system for the receipt of
samples into the laboratory.

II. SCOPE

A. The policies and procedures contained In this SOP are applicable
to all Sample Custodians and Check-In personnel of PACE,
Incorporated.

III. RESPONSIBILITIES

A. QUALITY ASSURANCE OFFICER (QAO)

1. The QAO 1s responsible for monitoring Implementation and
adherence to this SOP.

2. The QAO will provide copies of this SOP to the Sample
Custodians, Receiving Technicians, and other appropriate
personnel.

B. SAMPLE CUSTODIAN/RECEIVING TECHNICIAN

1. Responsible for adhering to the policies and procedures set
forth In this SOP.

2. Responsible for recommending revisions to the SOP as
required to maintain an efficient and reliable operation.

C. DEPARTMENT MANAGER/SUPERVISOR

1. Responsible for ensuring Implementation and adherence to
this SOP.

IV. REVIENS/REVISIONS

A. This SOP will be reviewed by the Analytical Section Department
Manager and QAO on an annual basis at a minimum.

V. DISTRIBUTION

A. Distribution of this SOP will be determined by the Quality
Assurance Officer and will Include Sample Custodian and Check-In
personnel.

VI. GENERAL POLICIES PROCEDURES

A. All procedures following are applicable to sample receiving and
Check-In occurring on any shift of any calendar day. (Seven
days per week, 24 hours per day).

6. Proposals should be entered Into the system before a sample can
be logged 1n on the Auto-Invoicing system. If a generic or
non-generic proposal Is not on the system for the specific
client, standard price 11st 1s utilized by the system.
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C. ROUTINE SAMPLE RECEIPT

1. The Sample Custodian, Project Manager, or Receiving
Technician will examine the shipping container and record
any damaged Incurred through shipping. Any damages noted
will be recorded on a Sample Condition Upon R'eceipt (SCUR)
form. An example of this form 1s included as Attachment 1.

2. Sample Custodian or Sample Receiving technician documents on
the SCUR the method of shipment and any tracking numbers.

3. The Sample Custodian or Sample Receiving Technician examines
the shipping container and records on the SCUR (enclosed
documentation) If Custody Seals are present or absent,

- Intact or broken.

4. The Sample Custodian or Sample Receiving Technician opens
the shipping container under a fume hood and determines the
condition of the samples. The following observations are
recorded on the SCUR.

a. Temperature upon Arrival:

1) If a Temperature Blank 1s present, a
thermometer is used to determine the
temperature of the blank. The thermometer is
allowed to equilibrate in the blank solution
for two (2) minutes. The temperature is
observed. The temperature Is then observed
one (1) minute later. If the second
temperature is greater than or equal to the
first temperature, the first temoerature Is
recorded. If the second temperature is
lower, it is recorded.

2) If no Temperature Blank 1s present, the
presence or absence of coolant, the condition
of the coolant, and the condition of the
samples are recorded.

b. Sample pH:

1) The pH of all preserved samples, except those
used to quantify volatile organics, 1s
determined.

2) A new, glass, disposable pipet is used to
withdraw a small portion of sample from the
container.

3) Dispense sample on pH strip.
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4) If the pH is higher than 2 (for acid
preserved samples) or lower than 10 (for
samples preserved with a base), the
discrepancy is indicated on the SCUR.

5) The pH of all measured samples is recorded on
the Sample Preservation Record (Attachment 6).

c. Container Condition:

1) Containers are examined and any breakage Is
recorded.

2) Hater samples to be analyzed for volatile
organlcs are examined. If headspace Is
observed It Is recorded.

d. Enclosed documentation Is reviewed and any
discrepancies are noted.

4. Compare the COC records with the shipment received to verify
agreement among the Information contained on them. If
discrepancies are found, contact the PACE Project Manager
Immediately. If the Project Manager Is not available,
contact the Quality Assurance Office for further direction.

5. If all samples recorded on the COC records are received by
the laboratory and there are no discrepancies observed with
the sample shipment, the Sample Custodian or the Check-In
Technician will sign the COC record In the 'Received for
Laboratory By1 box on the document. If problems are noted,
sign for shipment and note the problem in the
remarks/comments box or reference the SCUR form detailing
the problem(s). Route all paperwork. Including the Sample
and Analysis Data Entry Form (SADEF) (See Attachment 3) to
the PM.

6. Enter samples Into the LDMS as outlined in Section VI.E.

D. CONTRACT LABORATORY PROGRAM (CLP)

1. The Sample Custodian or Check-In Technician will examine the
shipping container and record the following Information.
One form per case will be used. The form DC-1 (Attachment
4) will be completed as per the instructions found in the
latest revision of the 3/90 CLP SOW.

a. Presence/absence of custody seal(s) on the shipping
container(s)

b. Condition of custody seal (i.e. intact, broken)

c. Custody seal numbers, when present
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d. Presence/absence of a i r b i l l s or a i r b i l l stickers

e. Airbil l or airbill sticker numbers

2. The Sample Custodian or Project Manager w i l l open the
shipping container, remove the enclosed sample documents,
and record on the appropriate form:

a. Presence/absence of EPA custody records

b. Presence/absence of EPA Traffic Reports or Special
Analytical Services (SAS) Packing List

c. Condition of sample containers (Intact, broken,
leaking)

d. Presence/absence of sample tags

e. Sample tag Identification numbers

f. Verification of agreement or disagreement of
Information recorded on receiving documents, (I.e.,
traffic reports, SAS packing lists) sample
containers, sample tags, airbills or bills of lading.

g. Date and time received by laboratory.

3. If sample tags are present:

a. Record the sample tag document control numbers

b. Compare with the COC record(s). If tag numbers are
listed, do then match the sample tag numbers
received? Document either that these numbers agree
or that there Is a discrepancy between tag numbers
received and those listed on the COC record,

c. Compare the sample Identification noted on the tag
with the Identification noted on the bottle label.
Document that this Information agrees or that there
Is a discrepancy between the sample tag and bottle
label.

d. If sample tag numbers are not listed on the COC
record, record this fact.

5. Document agreement among the forms and any discrepancies
found. If discrepancies are found, contact the Document
Control Officer (DCO), Project Manager, or the QA office
Immediately. The DCO or QA representative will contact SMO
for clarification and notify the appropriate laboratory
personnel.

6. The telephone contact with SMO shall be documented by the
person making contact via a CLP Telephone Contact Log
provided by SMO-Vlar and Company (see Attachment 5).
Document the problem(s) and resolutlon(s).
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7. If all samples recorded on the COC record were received by
the lab and there are no problem? Observed with the sample
shipment, the Sample Custodian or Check-In Technician will
sign the COC record in the 'Received for Laboratory By':
box on the document. If problems are noted, sign for
shipment and note problems in the remarks box or reference
other form(s) detailing the problem(s). The Sample
Custodian or Check-In Technician will also sign and date the
SAS Packing Lists, Traffic Reports and airbills, If present.

8. Check samples Into the LDMS in accordance with Section VI.E.

E. LDMS CHECK IN PROCEDURE

1. From the Menu Screen on the LDMS, press the PF# key which
selects the Project Data Entry Screen. After selecting the
project data entry screen, select the designated PF key to
add projects to the file. If a project number was indicated
from a bottle order, select the designated PF key to
maintain the project on file. There are five fields on this
screen, Client No. (required), Project No (required),
alternate bill to (optional), project manager (required),
and proposal number. The Client No. Is a six digit number
that Is required to enter samples Into the LDMS. The
Project No. Is a 9 digit number. The first 6 digits will be
today's date or the date the project was entered. In YYMMDD
format. Outside MM. the first digit will be altered, as
explained under 'New Projects' In Section 6 of the Employee
SOP manual (see attachments for regions other than MN). The
date portion 1s required for the next screen to work
correctly. Leave the last three digits blank to create an
analytical project number. The LDMS will take the next
available number.

2. Note that the menu at the bottom of the Project Data Entry
screen repeats PF4 , PF9, and PF11 from the Menu screen. A
PF key Is also available for the "Look Up Proposal" option.
These keys are not used for adding projects, but allow
movement from this screen to others without returning to the
Menu screen.

3. To continue adding Information for the new project, fill 1n
the client number. PM Initials and project number and press
Enter.

4. If you enter a client number that does not exist, or a
project number that does, you will get an error message.

5. When you enter an existing client number and do not enter an
existing project number, the secondary Project Data Entry
screen wi l l display.
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6. The fields on the Project Data Entry screen w i l l be
prefllled If a proposal number has been entered. Fields
Included are.

a. Client Name

b. Client Contact

c. Alternate Bill To

d. Client Number

e. PACE Project Number

f. Routine Groundwater Number

g. Project Name or Client Project Number

h. Client P.O.
1 . Quote

J- Type

k. PACE Project Manager

1 . Project Due Date

m. Project Complete Date

n. Style Format

o. Final Report Sent

. p. Project Description

q. Quoted Amount

7. Check, the client name and client contact to make sure they
correspond to the COC. Take corrective actions If the
fields do not match the Information on the form.

8. If data passes an edit check, you will be returned to the
project Add Control screen with a confirmation message
letting you know the record has been added to the project
file. The LDMS will display the project number which has
been generated.

9. Information on modification and deletion of project records
can be found In the LDMS User's manual.

10. Select the Sample Data Entry Screen to add samples to the
displayed project.
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11. Each time you exit the Sample Data Entry Screen Add mode,
you w i l l have to supply a starting sample number.
(Safeguards in the LDMS prohibit the use of a sample number
more than once. If an existing sample number is
inadvertently entered, the computer will search for the next
consecutive number available). The Sample Number screen
will display. If you have previously added samples for this
project since entering this program, you will not have to
enter a starting sample number. The last sample number used
Is saved until you exit to the menu screen.

12. The only field on the Sample Number screen is a 7-dlglt
sample number. This Is the PACE assigned sample number. It
must be a 7-d1g1t number. Use leading zeros If necessary.

13. When you add samples, the system will assign sample numbers
starting with this number, the next available number greater
that the numbered entered, or a specific sample number may
be assigned. When you finish using this program and exit to
the Menu screen, make a note of the last sample number on
this screen, and the system will start assigning numbers
where It left off.

14. Enter a starting sample number and press enter. The Sample
Add screen will display.

15. All fields on the Sample Add screen are modifiable except as
noted.

a. Project Number (required)

b. Client Number (not modifiable)
c. (YYQ##) - a sample identifier used for groundwater

reporting, showing year, quarter, and serial number.

d. Field Collected

e. Collected by (required)

f. Lab Received (required)
g. Lab Checked In By (not modifiable)

h. Sample Due Date (required)

1. Priority (required)

j. Sample No. (Leave blank to generate next available
number).
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k. Sample Description

1. Matrix (required)

m. Bottles (1st field required, others optional)

n. Comments

o. Hell Name (required for groundwater projects with a
groundwater routine number entered at project level)

p. Subset, Parameter, or Check-In Group Abbreviation
(1st field must be entered. Others are optional)

q. QC Type

r. Bottle Labels

s. Blllable

t. QC Level

u. Report Format

v. State Sampled In

16. Adding samples to LDMS

a. Press PF9 Sample Add mode

b. Enter Project Number

c. Check Client 1.0. to be sure project number 1s correct

1) If manually entering project number, this
will not display until data are keyed and
enter Is pressed.

d. Enter date collected from COC 1f known. If unknown,
contact PM who In turn will contact the client.

e. Enter "Collected By". If this Information Is not on
the COC, enter "Client". On a regionally specific
basis, "Client" may be entered for all samples not
collected by PACE, Inc. personnel.

f. Enter sample due date,

g. Enter date received.

h. Leave sample number blank to generate next available
number or enter specific sample number If required.
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i. Enter Client sample Description,

j. Enter Matrix.

k. Enter priority level which corresponds to pricing
only.

1. Enter QC type (If not on proposal). If QC type Is
not known, leave blank.

m. B1liable remains "Yes" unless Instructed otherwise.

n. Enter bottle type In first two blanks for bottles.
The last three blanks are used for sample location
code (see Appendix 1 for Bottle types and storage
locations.
(1) Use of this field may be modified on a

regionally specific basis, i.e. 2nd and 3rd
digits used to designate number of analysis
required from the container and 4th digit
used to designated a storage location code.

o. Bottle labels default to "Yes" 1n add mode; "No" In
modifying node. This field is modifiable.

p. Add comments 1f applicable,

q. Log In analyses for sample.

r. If using specific proposal, required analyses will be
automatically displayed (modifiable).

17. Enter data on the Sample Add screen and press Enter.

18. If you entered a check-in group, It will be replaced with
abbreviations of Its constituent parts (modifiable). Other
abbreviations will be moved down to make room. Make sure
some abbreviations are not pushed off the screen If check-In
group Is large.

19. If your data pass the edit check, you will get a
confirmation message. A sample record has been written and
analysis records have been written for every parameter
listed and every parameter in every subset listed for the
sample. All of the fields except sample number and well
name will remain filled In as an aid in adding additional
samples for the same project. The generated sample number
appears at the bottom of the screen and should be written
near the corresponding sample on the COC.
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20. Continue adding samples for one project. Then either press
PF13 to add samples for another project or press PF16 to
print SCUR and Exit the program to add another project
before adding any more samples.

a. Either PF13 or PF16 will go to the SCUR and cause the
SADEF and bottle labels to be printed.

21. To modify or view samples, see the LDMS User's Guide.

VII. ORDER/ENTRY SYSTEM USE

A. Enter proposal number if known.

1. If proposal number Is not known or needs verification, check
proposal 11st. Press PF10, Lookup proposal.

2. Search Proposal List by:

a. Proposal number - PF3
b. Proposal name - PF5
c. Proposal by Client Number - PF7
d. Proposal by Client Name - PF9

3. Select one and fill in blanks. Press appropriate PF key.

4. Proposal will be listed on screen by selection.

5. Selection spaces will be located In bottom left hand
corner. Select proposal by entering selection numbers.

a. PF2-SELECT PROPOSAL - Assigns proposal with project
being checked into LDHS

b. PF3-DISPLAY PROPOSAL - Displays specific information
contained in the proposal

c. Other PF keys move you through the proposal list.

6. After selection is made, press appropriate PF key. If PF2
Is selected, proposal will now appear in Proposal number
blank on Project Add screen. If PF3 Is selected, proposal
will be displayed. Pressing Enter will select proposal
number. User may exit without selecting.

B. Check In samples following Section VI.E.

VIII. REFERENCES

A. Contract Lab Program (CLP) Statement of Hork for Organic and
Inorganic Analyses, 3/90 Revision
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B. USEPA CLP User's Guide, 12/88 Revision

C. PACE, Inc. LDMS User's Manual, current revision
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TABLE III

ANALYTICAL METHODS

Parameter
METHOD

EPA SH846

Normal
Method

Detection
Limit

EPA
Maximum
Holding
Time

GC/MS Analysis*

Volatlles
Hater
Soil

Acid Extractables
Hater
Soil

624
8240

625
8250/8270

Range
Range

Range
Range

14 days
14 days

7/40
7/40

Base/Neutral Extractables
Hlthout Pesticides/PCB

Hater 625
Soil 8250/8270

Range
Range

7/40
7/40

Pestlclde/PCB
Hater
Soil

625
8250/8270

Range
Range

7/40
7/40

NOTE: When Pestlcldes/PCBs are run In conjunction with Base/Neutral Extracta

* Holding applicable when properly preserved.
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Sample Condition upon Receipt

Project *
Client
Cooler ID

Project Manger Review
Proposal * ___
Received by / Date:

Method of Sample Shipment _______
Control Number (Include Air Bill w/ project paperwork):

Yes No

D O

D O

O D

O D

O D

D O

a o

O O

O O

1 Custody Seals are present and intact

2 Temperature Blank is present & is acceptable upon arrival:

Condition of Coolant: _________________
Condition of samples: _________________

3 Short holding time analyses requested
Analyses: ______

4 Sampled four or more days prior to receipt

Earliest dale of sampling:

5 Rush Due Date (one week or less) requested.

Due Date:

6 Sample Containers are intact

Containers Affected:

7 Samples are properly preserved.

See Preservation Record

I VOA samples are free of head space.

Samples Affected: _____

t Sample volume appears sufficient

10 Container Labeling Requirements
CLP ICOC ( oiuNGt ]

USATHAMA ICOC [ GRHN ]

f] None

O (PM) • Contact Project Manager (Phone)
(RUSH) - See 'RUSH ANALYSIS PROCEDURE*

lfNO(PM)

Return Sample to Client

| | Hazardous Sample

lfYES(PM)

lfYES(PM)

lfYES(RUS

IfNO(PM)

I(NO(PM)

If NO (PM)

If NO (PM)

0

rtuow!/ ^

pace. Inc.*
MNINORG FORM MN3112
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COC



1 * 1 U N

> .. I • \ I u •
« « I I II
9> Qllllll t CHAIN-OF-CUSTODY RECORD

Analytical Request

(Illy lI'MINI)

I'"'* S Dale Sampled

SAMPLE DESCf i ;PTiCN

COOitHMCS

Report To:

BMTo:

P.O. t / Billing Relerence

Projecl Name / No.
PRESERVATIVES ANALYSES

REQUEST

iSMf .U FJY A F F I L I A T M

Pace Client No.

Pace Project Manager

Pace Projecl No.

•Requested Due Data:

REMARKS

A C C C P T F D D Y A F F I L I A T I O N

SEE REVERSE SIDE FOR INSTRUCTIONS
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SADEF

•f..



DATE: 4/14/92 * A c £ PAGE: i
3:08 PM MlNtfSOTA REGION

Sample and Analysis Data Entry Form - New Sample(s)

*•: . Jce *ovof ' : Client Contact
1710 Ccuala* Drive rtortn : AJ-Jres.s
mnr.eipclis. MN. 53'422

612-544-5543 : Telephone No

Project No: 920414.098 O^e C*:*: 5 /c6/92 Client P.O. No:
Prcjact Manager: JWM =- = ;ect Name: VIS030
Manager's Name: loses" -.. '.r.-otnv
Pr-rject Trss: A A<-s l - ; : : a l
QC „*/&): ^ ==:--t 5t-*e: S

Sample No: :t> 010789.1 Ccllecrer Zr'.e: 0/00/00 railected B»: CLIE'."
Lib Re: d Date: 4':4,'9= :-_;•-j-i-lr S*: OR=" e-:or:tv: 4
Oue Date: 5/l°/05 Sa-npls !*=:: -c-taii l
Bottle T.fres: -;N
Comnt: EBA P£ SET TJ? s~OR E-'iPS CNFIRM LOW LVLS 8V-U Matrn: LIOJJ
Analysis Abbr: Name:

SA-N £«rxi£n
CO-N Cadmiijr
CR-N CJircani--
CU-N Copper
P8-N Lead
AC-N Silver
AS-U Arsenic
SE-U Seleniu-
MET-DI-j-N Metals Zise-tion
r£T-CIG-U Furnace "etal Digestion

Sample No: 10 010790.5 Collecte-r Date: 0/00/00 Collected By: CLIENT
Lab Rec d Date: 4/14/92 :~ecked-In 8v: DRF Priority: 4
Due Date: S/l«?'92 Sanpls ~ss~: ^etals 2
Bottle Types: GN
Comnt: IPA PE 3 SIG FIGS ££Z T= FOR SAMPLES Matm:
Analysis Abbr: Name:

SE-H An timer..
BF-tt Berylli.-
NI-N Nickel
TL-N Thalliu-
MET-DIG-N Metals Iisestion

Inc. reserves the right tr -etjrn all samples at it* discretion

v J
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DCI



SAMPLE LOG-IN SHEET

Ubtfam: • —————— P«f« of

•-~~dBrrPri.iN.~k Lw>n-=

*•-— Ftmfcu

SMffa Defray

5 AS f .Jilir•

REMARKS:

1. CfaUtfyS«K*) PMMMfcMf

4. Trikftqmuor PuiMi/AbiBM*
V^^BA* i j^

5. AifbOl AiiUlff»i.k.i

;,. ———— ,——-

U(i«cMc7 Yc^N>*

• in riMi fm j.i.1 ^ i itr

•
SMipk Trtoltr

Fm^w

Br- ——————— ——————

OK

EPA
SAMPLE

CORRESPONDING

SAMPLE
TAG

'

ASSIGNED
LAB

ff

REMARKS:
CONDITION
OP SAMPLE

SHIPMENT. ETC

-

SM

DMC:
Lo«book

P««c No:

POtMOC-l
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Attachment 5

Telephone Log



In Reference to Case No(s):

Contract Laboratory Program
REGIONAL/LABORATORY COMMUNICATION SYSTEM

Telephone Record Log

Date of Call:

Laboratory Name:
Lab Contact:

Region:
Regional Contact:

Call Initiated By: __ Laboratory __ Region

In reference to data for the following sample numbeKs):

Summary of Questions/Issues Discussed:

Summary of Resolution:

Signature

Distribution: (1) Lab Copy, (2) Region Copy, (3) SMO Copy

Date
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Attachment 6

Sample Preservation Record



Sample Preservation Record
pH of Samples Upon Receipt

Client:
Project/

Technician:
Date:

Page
PM Review

of.

Sample Description
Fraction pH by Bottle Type

UtM$ Nutrient Cyanide Sulfldt Hydrocarbons
HI03 H2S04 r*OH MsOH HCt

<2 <2 >12 >« <2

Comments

i. y

* Sample pH was adjusted to be compliant with EPA recommendations by date

pace. Inc.*
MNINORG FORM MN3106
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1. PURPOSE

1.1. The purpose of this Standard Operating Procedure (SOP) is to establish a uniform
procedure for Standards Traceability in the Laboratory and Field at PACE, Inc.

2. SCOPE/APPLICATION

2.1. Because the proper preparation and storage of analytical standard solutions is of
utmost importance, all laboratory and field personnel will follow this protocol for
Standards Traceability.

3. RESPONSIBILITIES

3.1. QUALITY ASSURANCE OFFICE (QAO)

3.1.1. The QAO is responsible for monitoring adherence to this SOP.

3.1.2. The QAO is responsible for conducting semi-annual laboratory audits to
monitor adherence to this and other SOPs. Results of the audits will be
reported to regional management and Corporate QAO.

3.2. DEPARTMENT SUPERVISORS/MANAGERS

3.2.1. The Department Supervisors and/or Managers are responsible for ensuring
that the SOP is implemented and followed.

3.3. PERSONNEL

3.3.1. All personnel whose duties require them to handle standards are responsible
for adherence to the policies/procedures set forth in this document.

4. REVIEWS/REVISIONS

4.1. This SOP will be reviewed on an annual basis at a minimum.

4.2. At the time of review, any required revisions will be incorporated.

4.3. The revised SOP will be distributed to all appropriate personnel and the superseded
version replaced.

5. DISTRIBUTION
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5.1. This SOP will be distributed to the Field Services Manager, Field Laboratory
personnel, Laboratory Managers, Laboratory Supervisors, Corporate.QAO and to any
other areas deemed appropriate by the regional QAO.

6. GENERAL POLICIES AND PROCEDURES

6.1. A bound logbook will reflect a completed record of each prepared standard solution,
starting with the pure primary standards and ending with the final working standard
solution. Examples of preprinted logbooks are included as Attachments to this
document. In some cases, records are maintained using standard laboratory
logbooks. All data entries into standard logbooks must include items listed below and
must follow documentation guidelines as set forth in PACE, Inc. Standard Operating
Procedure MN-L-101, Documentation in the Laboratory and Field.

6.2. When preparing primary stock solutions, the following documentation must be
included:

6.2.1. Stock standard number
6.2.2. Date of preparation
6.2.3. Analyst's initials
6.2.4. Compound name
6.2.5. Lot number and manufacturer
6.2.6. Purity (97% minimum acceptable purity)
6.2.7. Weights
6.2.8. Dilution volume and solvent
6.2.9. Concentration
6.2.10. Receipt and opened dates for neat compounds
6.2.11. Expiration date

6.3. To prepare an intermediate or working stock solution the following documentation
must be included:

6.3.1. Newly assigned standard number
6.3.2. Date of preparation
6.3.3. Analyst's initials
6.3.4. Compound name
6.3.5. Parent solution number
6.3.6. Strength of concentrated stock
6.3.7. Aliquot of concentrated stock (as volume or weight measurement)
6.3.8. Dilution volume and solvent
6.3.9. Final concentration \-S
6.3.10. Expiration date
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6.4. All stock, intermediate, and working solutions should be transferred from volumetric
flask to appropriate storage containers and stored at the temperatures as specified in
the sections following.

6.5. Storage containers must be labeled with solution I.D., concentration, date prepared,
expiration data, storage conditions, and initials of preparer. Commonly used labels
are included as Attachment 1.

6.6. Semi-volatile organic standards must be monitored for evaporation. The liquid level
in the storage container must be marked and noted each time the standard is used.

6.7. All concentrated standard solutions must be replaced depending upon the need, and
the stability of the solution.

6.8. Working solutions shall be prepared fresh as specified in the sections following.

6.9. U.S. EPA and USATHAMA standard traceability program requirements are set forth
in Appendices 1 and 2 respectively.

6.10. In the following sections, acceptance criteria are provided as advisory limits. These
criteria are furnished for the analyst to facilitate monitoring of quality control. In all
cases, sound analytical justification may be provided to support data acceptability.

6.11. METALS

6.11.1. Where available, EPA certified/EPA-CRADA certified or A2LA certified
standards will be used for the calibration standards and/or the second source
standard.

6.11.2. Examples of logbooks/forms used in the metals area are included in
Attachment 2.

6.11.3. All metals standards are stored under ambient conditions in limited access
areas of the building.

6.11.4. Vendor information/certification is filed in the department supervisor's
office. Records are maintained for a minimum of 1 year.

6.11.5. All labeling requirements as detailed in Section 6.3 will be followed.

6.11.6. Shelf life of neat analytes is 1 year or more often as indicated by QC
sample results, signs of degradation, etc..
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6.11.7. Shelf life of ampules is 1 year from data opened or more often as indicated
by QC sample results, signs of degradation, etc..

6.11.8. Shelf life of intermediate standards is 6 months or more often as indicated
by QC sample results, signs of degradation, etc.

6.11.9. Working standards shall be prepared daily for furnace analysis and monthly
for ICP analysis or more often as indicated by QC sample results, signs of
degradation, etc.

6.11.10. Plastic or glass containers are used for storage of standards.

6.11.11. Verification of standards is performed during instrument calibration. A
second source solution containing identical analytes of known concentration
is analyzed using the calibration curve generated. The results of the second
source standard must agree with ± 10% of the true value.

6.11.12. Absence of contaminants in reagents is assured through the analysis of
method blanks.

6.12. GENERAL CHEMISTRY

6.12.1. The general chemistry area performs analysis for a number of parameters.
Due to the variance in standards storage requirements, shelf life
requirements, acceptance criteria for verification of standards, etc.,
requirements will be set forth in the method specific standard operating
procedures.

6.12.2. Vendor information/certification is filed in the department supervisor's
office. Records are maintained for a minimum of 1 year.

6.12.3. Examples of logbooks/forms used in the general chemistry area are
included in Attachment 3.

6.12.4. All labeling requirements as detailed in Section 6.3 will be followed.

6.12.5. Absence of contaminants in reagents is assured through the analysis of
method blanks.

6.12.6. Plastic or glass containers are used for storage of standards.

6.13. GC VOLATILES



STANDARDS TRACEABILITY IN THE File Name: MN-POQ4.SQP
LABORATORY AND FIELD Date: July 13. 1992
MN-P-004-B Page No.: 5 of 33

6.13.1. Where available, EPA certified, EPA-CRADA certified, or A2LA certified
standards will be used for the calibration standards and/or the second
source standard.

6.13.2. Examples of logbooks/forms used in the GC volatiles area are included in
Attachment 4.

6.13.3. Copies of vendor information/certification is filed in the QA office.
Records are maintained for a minimum of 1 year.

6.13.4. All labeling requirements as detailed in Section 6.3 will be followed.

6.13.5. Standards are stored in a freezer at a temperature of < 0° C.

6.13.6. Expiration dates for neat compounds are provided by the chemical
manufacturer or more often as indicated by QC sample results, signs of
degradation, etc.

6.13.7. Shelf life of ampules (excluding gases) is 2 months from date opened.
Gases are prepared weekly or more often as indicated by QC sample
results, signs of degradation, etc.

6.13.8. Working standards will be prepared fresh weekly or more often as indicated
by QC sample results, signs of degradation, etc..

6.13.9. Amber, glass containers with Chem-Inert or similar air tight, teflon faced
closures are used for storage of standards.

6.13.10. Verification of standards is performed during initial calibration. A second
source solution containing identical analytes of known concentration is
analyzed using the calibration curve generated for the initial calibration.
Control limits will be jh 25% of the true value until performance base
limits are established.

6.13.11. Absence of contaminants in reagents is assured through the analysis of
method blanks.

6.14. GC/MS VOLATILES

6.14.1. Where available, EPA certified, EPA-CRADA certified, or A2LA
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certified traceable standards will be used for the calibration standards
and/or the second source standard.

6.14.2. Examples of logbooks/forms used in the GC/MS volatiles area are
included in Attachment 5.

6.14.3. Copies of vendor information/certification is filed in the QA office.
Records are maintained for a minimum of 1 year.

f. *

6.14.4. All labeling requirements as detailed in Section 6.3 will be followed.

6.14.5. Standards are stored in a freezer at a temperature of < 0° C. Protect the
standards from light. Once one of the bottles containing the stock
standard solution has been opened, it may be used for no longer than one
week.

6.14.6. Expiration dates for neat compounds are provided by the chemical
manufacturer. Use of the neat compounds will be discontinued as
indicated by QC sample results, signs of degradation, etc..

6. 14.7. Shelf life of opened ampules containing components that are gases at room
temperature is two months. Shelf life of ampules (excluding gases) is 6
months from date opened or more often as indicated by QC sample
results, signs of degradation, etc.

6. 14.8. Aqueous standards may be stored for up to 24 hours if held in Teflon-
sealed screw-cap vials with zero headspace at 4° C. Protect the standards
from light. If not so stored, they must be discarded after one hour unless
they are set up to be purged by an autosampler. When using an
autosampler, the standards may be kept for up to 12 hours in purge tubes
connected via the autosampler to the purge and trap device.

6. 14.9. Amber, glass containers are used for storage of standards.

6. 14. 10. Verification of standards is performed during initial calibration. A second
source solution containing identical analytes of known concentration is
analyzed using the calibration curve generated from the initial calibration.
Control limits will be ± 25% of the true value until performance based
limits are established.

6.14.11. Absence of contaminants in reagents is assured through the analysis of
method blanks.
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6.15. GC PESTICIDES/PCBS/HERBICIDES

6.15.1. Semi-volatile organic standards must be monitored for evaporation. The
liquid level in the storage container must be marked and noted each time
the standard is used.

6.15.2. Where available, EPA certified, EPA-CRADA certified, or A2LA
certified standards will be used for the calibration standards and/or the
second source standard.

6.15.3. Examples of logbooks/forms used in the GC semivolatile area are included
in Attachment 6.

6.15.4. Copies of vendor information/certification is filed in the Department
Secretary's office. Records are maintained for a minimum of 1 year.

6.15.5. All labeling requirements as detailed in Section 6.3 will be followed.

6.15.6. Standards are stored in refrigerated storage at 4° C ± 2° C.

6.15.7. Expiration dates for neats may provided by the chemical manufacturer.
In cases where no expiration date is supplied, neats will have an expiration
date of two years from the date opened. The integrity of the chemical
may be verified against a second source after it expires. If agreements
between the second source and the expired neat is within ± 10%, the
expiration date may be extended for an additional year.

6.15.8. Shelf life of ampules is 1 year from date opened or more often as
indicated by QC sample results, signs of degradation, etc.

6.15.9. Working standards will be prepared fresh every 6 months or as needed or
more often as indicated by QC sample results, signs of degradation, etc.

6.15.10. Amber, glass containers with Chem-Inert or screw-top, Teflon lined
closures are used for storage of standards.

6.15.11. Prior to use of a freshly prepared standard, it is verified against either a
second source standard or the standard going out of service. In addition,
verification of standards is performed during initial calibration. A second
source solution containing identical analytes of known concentration is
analyzed using the calibration curve generated from the initial calibration.
Control limits will be ± 25% of the true value until performance based
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limits are established.

6.15.12. Absence of contaminants in reagents is assured through the analysis of
method blanks and lot checks. Reagents lots are checked for routine
contaminants on a routine basis. Results of the reagent check are on file
with the extraction lab supervisor.

6.16. GC/MS SEMI-VOLATILES

6.16.1. Semi-volatile organic standards must be monitored for evaporation. The
liquid level in the storage container must be marked and noted each time
the standard is used.

6.16.2. Where available, EPA certified, EPA-CRADA certified, or A2LA
certified standards will be used for the calibration standards and/or the
second source standard.

6.16.3. Examples of logbooks/forms used in the GC/MS semivolatile area are
included in Attachment 7.

6.16.4. Copies of vendor information/certification is filed in the Department
Secretary's office. Records are maintained for a minimum of 1 year.

6.16.5. All labeling requirements as detailed in Section 6.3 will be followed.

6.16.6. Standards are stored in a freezer at a temperature of _<. 0° C.

6.16.7. Continuing calibration standards should be prepared weekly and stored at
4°C ±2°C.

6.16.8. Expiration dates for neats may provided by the chemical manufacturer.
In cases where no expiration date is supplied, neats will have an expiration
date of two years from the date opened. The integrity of the chemical
may be verified against a second source after it expires. If agreements
between the second source and the expired neat is within ± 25%, the
expiration date may be extended for an additional year.

6.16.9. Shelf life of ampules is 1 year from date opened or more often as
indicated by QC sample results, signs of degradation, etc.

6.16.10. Working standards will be prepared fresh every 6 months or more often
as indicated by QC sample results, signs of degradation, etc.
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6.16.11. Amber, glass containers with Chem-Inert or screw-top, Teflon lined
closures are used for storage of standards.

6.16.12. Prior to use of a freshly prepared standard, it is verified against either a
second source standard or the standard going out of service. In addition,
verification of standards is performed during initial calibration. A second
source solution containing identical analytes of known concentration is
analyzed using the calibration curve generated from the initial calibration.
Control limits will be ± 25% of the true value until performance based
limits are established.

6.16.13. Absence of contaminants in reagents is assured through the analysis of
method blanks and lot checks. Reagents lots are checked for routine
contaminants on a routine basis. Results of the reagent check are on file
with the extraction lab supervisor.

6.17. FIELD ANALYTICAL

6.17.1. Where available, EPA certified, EPA-CRADA certified, or A2LA
certified traceable standards will be used for the calibration standards
and/or the second source standard.

6.17.2. Examples of logbooks/forms used in the field analytical area are included
in Attachment 8.

6.17.3. Copies of vendor information/certification is filed in the QA office.
Records are maintained for a minimum of 1 year.

6.17.4. All labeling requirements as detailed in Section 6.3 will be followed.

6.17.5. Storage conditions for standards will default to the conditions described in
preceding sections depending on the analytical procedures being
performed.

6.17.6. Expiration dates for neats are provided by the chemical manufacturer.
6.17.7. Shelf life of ampules (excluding gases) will not exceed the length of the

project or will default to the shelf lives described in preceding sections
depending on the analytical procedures being performed, whichever is
most frequent.

6.17.8. Working standards will be prepared as described in preceding sections
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depending on the analytical procedures being performed.

6.17.9. Amber, glass containers are used for storage of standards.

6.17.10. Verification of standards is performed during instrument calibration. A
second source solution containing identical analytes of known
concentration is analyzed using the calibration curve generated.

6.17.11. Absence of contaminants in reagents is assured through the analysis of
method blanks.

7. REFERENCES

7.1. U. S. EPA Contract Laboratory Program, Statement of Work for Inorganics Analysis,
Multi-Media, Multi-Concentration

7.2. U.S. EPA Contract Laboratory Program, Statement of Work for Organics Analysis,
Multi-Media, Multi-Concentration

7.3. U.S. Army Toxic and Hazardous Materials Agency Quality Assurance Program,
January 1990.

7.4. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd
Edition, November 1990.

7.5. All references are to the current issue of the document available at the time the
procedure was prepared. As these documents are revised, they will supersede the
reference documents. The requirements of the most current approved copy shall be
implemented for compliance with the requirements of this procedure.
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ATTACHMENT 1 - Labels

PACE REAGENT
Date received / / opened / /
Expiration date / /
Storage condition_________

PACE SOLUTION #_
Name
Date Prep / / Exp. / /
Cone.________________
Solvent_______Prep by
PACE SOLUTION #
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ATTACHMENT 2 -Metals Standard Logbook Examples

METALS STANDARD SOLUTION LOG

Element

•

Stock
Cone.

Dilution
factor

Final
Cone.

Manufacturer
Lot f

Date of
Preoaration

Standard
Number

Analyst
initials Comments

283 LABFM.
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ATTACHMENT 2 (con't) -Metals Standard Logbook Examples

ELEMENT_______ 1HST._______ ANALYST_______ BOOK W.

TARGET. SPIKES:

AS
Po$_

Print
No. Sanmle I.D. Asb./ok Ht. Conc.(pp«/ppb>

...

COflMBOtS

.

LABFM258 000002



STANDARD SOLUTION LOG

Date Analyst
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Analyte Manufacturer Lot »
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Volume
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Standard
Number Comments
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ATTACHMENT 3 (con't) - General Chemistry Standard Logbook Examples

LACHAT STANDARD/INSTRUMENT LOG

Date

Analyst

Analyte MFC Lot i

Cone. Ri

Channel

Stock
Cone.

mqe

Volume
->)00 mis

Final
Cone.

Gain

# Traj

Standard
Number

*

'S

Comments

)ate

Analyst

Analyte HFG Lot *

Cone. Ri

Channel

Stock
Cone.

mqe

Volume
->100 mis

.

Final
Cone.

—

Gain

» Traj

Standard
Number

'S

Comments

LA8FM273
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ATTACHMENT 4 - GC Volatiles Standard Logbook Examples

NOTE: The following represent stamps that are used in standard laboratory logbooks.

PREPARATION OF CONCENTRATED STOCK STANDARDS

NO____ Dote / / Chemist—————————

;-nmpouinj

Gross Wt
•TaraWt
Nat Wt

••AH! NatWt

Q
. 0

ma

Dilution Vol.
Coneentr.

ml
uq/ml

PREPARATION OF STANDARDS OF INTERMEDIARY CONCENTRATION

No_____ Dote / / Chemist________
Compound_______

Parent Solution Number ___________
Strength of Concentrated Stock _______ ug/mf
Aliquot of Concentrated Stock ________ ml
Dilution Volume ________ ml
Rnal Concentration ________ ug/ml

PREPARATION OF RNAL WORKING STANDARD SOLI/TIONS

No ____ Date / / Chemist _____

Standard Name ______
Cone, of

Parent Sol. Parent Sol. Allq.Vol. Dilution Rnal Conc./Sol.
Compound Number ug/ml ml Vol. (ml) ug/ml

VERIFICATION / ____________ DATE______
VENDOR ______________ LOT /
ORIGINAL CONGELATION._________
DILUTION FOR VERIFICATION _________
STANDARD LOG BOOK 10 __________
PREPARED BY ________________
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ATTACHMENT 5 - GC/MS Volatiles Standard Logbook Examples
Book I PACE. inc.

Standard Preparation Log Book
Page t l o f i o o

Std. No.: Date:

Standard Name:

Vendor

Compound

Lot*:

Original Cone. AliqVol. Dilution Fmal
ug/mL mL Vol.(mLl Corcug/mL

Std. No.:

Standard Name:_

Vendor:

Compound

Date:

Lot*:

Original Cone.
uo/mL

AJiq Vol.
mL

Analyst._

Dilution
Vol./mLl

Final
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ATTACHMENT 6 - GC Semivolatile Standard Logbook Examples

NOTE: The following represent stamps that are used in standard laboratory logbooks.

PREPARATION OF CONCENTRATED STOCK STANDARDS

Chemist.rwa

rnmpound

Gross Wt
•TareWt
N«t Wt

•«AH| NetWt

I of No. PurltV

q Dilution Vol.
q Concentr.
0
mg

ml
ug/ml

PREPARATION OF STANDARDS OF INTERMEDIARY CONCENTRATION

No_____ Dote / / Chemist_______
Compound.

Parent Solution Number
Strength of Concentrated Stock
Aliquot of Concentrated Stock .
Dilution Volume
Final Concentration

.ug/mf

.ml
ml
ug/ml

PREPARATION OF FINAL WORKING STANDARD SOLUTIONS

No. Date. Chemist

Standard Name.

Compound
Cone, of

Parent Sol. Parent Sol. AJIq. Vol. Dilution Final Conc./Sol.
Number ug/mt ml Vol. (mf) ug/ml

VERIFICATION /
VENDOR___
ORIGINAL COMCI _
DILUTION FOR VERIFICATION
STANDARD LOG BOOK 10 __
PREPARED BY ______

OATE_
LOT/.
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ATTACHMENT 7 - GC/MS Semivolatile Standard Logbook Examples

PACE INC. - BNA 9

Mixture Identifications

LABFH2S1
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ATTACHMENT 7 (con't) - GC/MS Semivolatile Standard Logbook Examples
PACE INC. . BNA 11

Title: Preparation of Calibration Standards
I. Preparation of SON 2/88 Stock Solution

II. HorMng Calibration Solutions
For the following solution:

A. 160 ppn standard 200 uL
6. 120 ppn standard 150 uL
C. 80 ppm standard 100 uL
0. 50 ppm standard 50 uL
E. 20 ppm standard 25 uL

1 Z Is the number of nllliliters of stock desired
* Stock solution prepared In Step I3

Z' x

Components and Concentration Amount Added

A. Hethylene chloride
B. Internal Standard. 2000 ug/ml
C. Add Surrogate Hlx. 2000 ug/mL
0. Base Surrogate Hlx. 1000 ug/mL
E. Polynuclear Aromatic Hydrocarbons Hlx.

2000 ug/ml
f. Base-Neutrals Hlx 1, 2000 ug/mL
G. Base-Neutrals Hlx 2. 2000 ug/mL
H. Benzldines Hlx. 2000 ug/mL
I. Hazardous Substance Hlx 1. 2000 ug/ml
J. Hazardous Substance Hix 2, 2000 ug/ml
K. Phenols Hlx, 2000 ug/ml
1. Pesticide Hix. 2000 ug/ml

100 uL
20 uL
80 uL
160 uL

80 uL
80 uL
80 UL
80 uL
80 uL
SO uL
80 uL
80 uL

Z ml of 160 ug/ml
solution

0 uL
50 uL
100 UL
110 UL
175 uL

HeCJ2 Is prefortifled with Internal Standard at 40 ug/mL.

LABFH251
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ATTACHMENT 7 (con't) - GC/MS Semivolatile Standard Logbook Examples

PACE INC.

Title: Preparation of Calibration Standards

I. Preparation of SON 3/90 Stock Solution

BNA 12

Vendor Solution Name

Rester SV Calibration Mix *\
SV Calibration Nix f2
SV Calibration Htx *3
SV Calibration Nix #4
SV Calibration Nix *5
SV Calibration Htx f7
3,3-Oichlorobenzldlne
Acid Surrogate Standard

Mix
B/N Surrogate Standard

Mix
SV Tuning Compound
SV Internal Standard
HeCl

SoT n f Cone (uq/HL) Amount Added

80 ul
80 uL
80 uL
80 uL
80 uL
80 uL
80 uL
80 UL

160 uL

64 uL
10 ul
126 ul

31007
31008
31009
31010
31011
31013
31026
31003

2000
2000
2000
2000
2000
2000
2000
2000

31004

31001
31006

1000

2500
2000

Total Volume: 1000 uL

II. forking Calibration Solutions for SON 3/90:
Sol'n
Name

SSTD 160
SSTO 120
SSTO 080
SSTD 050
SSTD 020

Cone. Standard
(reo/BL)

80
60
40
25
10

Stock Added
Added (ul)

80
60
40
25
10

NeCl2(1>Added (uL)

80
100
120
135
150

Final
Vol. (til)

160
160
160
160
160

(1) MeCl2 <s preforttfled with Internal Standard at 20 ug/ml.

LABFM251
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ATTACHMENT 7 (con't) - GC/MS Semivolatile Standard Logbook Examples
PACE INC. BNA 25

PREPARATION OF INITIAL CALIBRATION STANDARD SOLUTIONS

No_______ Date / / Chemist_____________

Standard Name________

Cone, of
Parent Sol. Parent Sol. AUq.Vol. Mixture Final Cone./Sol.

Compound Number uo/ml ml Number uo/ml_____

Confirmation nit ID

LABFH251
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ATTACHMENT 7 (con't) - GC/MS Semivolatile Standard Logbook Examples
PACE INC. BNA 47

PREPARATION OF HOMING STANDARDS

No ________ Date / / Chemist ________

Standard Name _______
Cone, of

Parent Sol. Parent Sol. Aliquot Final Final
Compound Number 119 /ml Volume Volume Concentration

Diluted with:

Calculations Verified By_

No________ Date / / Chemist_______
Standard Name________

Cone, of
Parent Sol. Parent Sol. Aliquot Final Final

Compound Number uq/ml Volume Volume Concentration

Diluted with:

Calculations Verified By.

LABFH2S1
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ATTACHMENT 8 - Field Analytical Standard Logbook Examples
Book I_____ PACE Inc Page fi of 100

Standard Preparation Log Book

Std. No.:

Standard Name:_

Vendor:

Compound

Date:

Lot t:

Original Cone.
u m L

Afiq Vol.
mL

Analyst:

Dilution
Vol.(mL)

Final
Corcin/nnL

Std. No.:

Standard Name:_

Vendor:

Compound

Date:

Lot /:

Original Cone.
uQ/mL

Afiq Vol.
mL

Analyst:

Dilution
Vol.fmL!

Final
Ctrcuo/mL
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APPENDIX 1

I. CLP ANALYTICAL STANDARDS REQUIREMENTS

1.1. OVERVIEW

1.1.1. The U.S. Environmental Protection Agency will not supply analytical
reference standards either for direct analytical measurements or for the
purpose of traceability. All contract laboratories will be required to
prepare from neat materials or purchase from private chemical supply
houses those standards necessary to successfully and accurately perform
the analyses required in the latest revision of the CLP Statement of
Work.

1.2. PREPARATION OF CHEMICAL STANDARDS FORM THE NEAT HIGH
PURITY BULK MATERIAL

1.2.1. A laboratory may prepare their chemical standards from neat materials.
Commercial sources for neat chemical standards pertaining to
compounds listed on the Compound Target List are given in the
Appendix C of the Quality Assurance Materials Bank: Analytical
Reference Standards, Seventh Edition, January 1988. Laboratories should
obtain the highest purity possible when purchasing neat chemical
standards. Standards purchased at less that 97% purity must be
documented as to why a higher purity could not be obtained.

122. Neat chemical standards must be kept refrigerated when not being used
in the preparation of standard solutions. Proper storage of neat
chemicals is essential in order to safeguard them from decomposition.

1.23. The purity of a compound can sometimes be misrepresented by a
chemical supply house. Since knowledge of purity is needed to calculate
the concentration of solute in a solution standard, it is the contract
laboratory's responsibility to have analytical documentation ascertaining
that the purity of each compound is correctly stated. Purity
confirmation, when performed, should use either differential scanning
calorimetry, gas chromatography with flame ionization detection, high
performance liquid chromatography, infrared spectrometry, or other
appropriate techniques. Use of two or more independent methods is
recommended. The correction factor for impurity when weighing neat
materials in the preparation of solution standards is:
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Weight of pure compound
Weight of impure compound = —————————————— Equation 1

(percent purity/100)

where "weight of impure compound" is that required to prepare a
specific volume of a solution standard of a specified concentration.

1.2.4. Mis-identification of compound occasionally occurs and it is possible that
a mislabeied compound may be received from a chemical supply house.
It is the contract laboratory's responsibility to have analytical
documentation ascertaining that all compounds used in the preparation
of solution standards be correctly identified. Identification confirmation,
when performed, should use gas chromatographic/mass spectrometry
analysis on at least two different analytical columns, or other appropriate
techniques.

1.25. Calculate the weigh: of material to be weighed out for a specified
volume taking into account the purity of the compound and the desired
concentration. A second person must verify the accuracy of the
calculations. Check balances for accuracy with a set of standard weights.
All weighing should be performed on an analytical balance to the
nearest 0.1 mg and verified by a second person. The solvent used to
dissolve the solute should be compatible with the protocol in which the
standard is to be used. The solute should be soluble, stable, and
nonreactive with the solvent. In the case of a multi-component solution,
the components must not react with each other.

1.2.6. Transfer the solute to a volumetric flask and dilute to the specified
solution volume with solvent after ensuring dissolution of the solute in
the solvent. Sonication or warming may be performed to promote
dissolution of the solute. This solution is to be called the primary
standard and all subsequent dilutions must be traceable buck to the
primary standard.

12.7. Log notebooks are to be kept for all weighing and dilutions, all
subsequent dilutions from the primary standard and the calculations for
determining their concentrations are-to be recorded and verified by a
second person, all solution standards are to be refrigerated when not is
use. All solution standards are to be clearly labeled as to the identity
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of the compound or compounds, concentration, data prepared, solvent,
and initials of the preparer.

1.3. PURCHASE OF CHEMICAL STANDARDS ALREADY IN SOLUTION

13.1. Solutions of analytical reference standards can be purchased by the
Contractors provided they meet the criteria set forth in sections
following.

1.3.2. Laboratories must maintain the following documentation to verify the
integrity of the standard solutions they purchase:

13.2.1. Mass spectral identification confirmation of the neat material
13.2.2. Purity confirmation of the neat material
1.3.2.3. Chromatographic and quantitative documentation that the

solution standard was QC checked according to the following
section.

v, 1.3.3. The Contractor must purchase standards for which the quality is
demonstrated statistically and analytically by a method of the supplier's
choice. One way this can be demonstrated is to prepare and analyze
three solutions; a high standard, a low standard, and a standard at the
target concentration (see 13.4.1 and 13.4.2 following). The supplier
must then demonstrate that the analytical results for the high standard
and low standard are consistent with the difference in theoretical
concentrations. This is done by the Student's t-test in section 13.4.6. If
this is achieved, the supplier must then demonstrate that the
concentration of the target standard lies midway between the
concentrations of the low and high standards. This is done by the
Student's t-test in section 13.4.7. Thus, the standard is certified to be
within 10 percent of the target concentration.

13.4. If the procedure in 133 is used, the supplier must document that the
following have been achieved:

13.4.1. Two solutions of identical concentration must be prepared
independently from neat materials. An aliquot of the first
solution must be diluted to the intended concentration (the
"target standard"). One aliquot is taken from the second
solution and diluted to a concentration ten percent greater
than the target standard. This is called the "high standard".
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One further aliquot is taken from the second solution and
diluted to a concentration 10 percent less than the target
standard. This is called the "low standard".'

13.4.2. Six replicate analyses of each standard (a total of 18 analyses)
must be performed in the following sequence: low standard,
target standard, high standard, low standard, target standard,
high standard. . ..

13.43. The mean and variance of the six results for each solution
must be calculated.

Mean = ( Y i + Y2+ Y3 + Y4 + YS+ Ye)/6 Equation 2

Variance = (Yi2+ Y2
2+ Y3

2+ Y4
2+ Y5

2+ Y6
2- [(6)(Mean)2J/5 Equation 3

13.4.4. The values YI, Y2, Y3, .. ., represent the results of the six
analyses of each standard. The means of the low, target, and
high standards are designated MI, M2, and Ma, respectively.
The variances of the low, target, and high standards are
designated Vi, V2, and V3, respectively. Additionally, a
pooled variance, Vp, is calculated.

Vp = (V 1/0.81 + V2+ V3/1.21)/3 Equation 4

13.4̂ . If the square root of Vp is less than one percent of M2, then
M2 /lO.OOO is to be used as the value of Vp in all subsequent
calculations.

13.4.6. The test statistic (TS) must be calculated:

TS = |(M 3/l.l>-(M 1/0.9) |/(Vp/3)°-5 Equations

If the test statistic exceeds .̂ 13, then the supplier has failed to
demonstrate a twenty percent difference between the high and
low standards. In such a case, the standards are not



STANDARDS TRACEABILITV IN THE File Name: MN-P-0045OP
LABORATORY AND FIELD Date: July 13. 1992
MN-P-004-B Page No.: 29 of 33

acceptable.

1.3.4.7. The test statistic (TS) must be calculated:

TS = |M 2 - (M 1/1.8) -(M 3/2.2) |/(Vp/4)°-5 Equation 6

If the test statistic exceeds 2.13, the supplier has failed to
demonstrate that the target standard concentration is midway
between the high and low standards. In such a case, the
standards are not acceptable.

1.3.4.8. The 95% confidence intervals for the mean results of each
standard must be calculated:

Interval for Low Standard = MI ± (2.13)(Vp/6)°-5 Equation 7

Interval for Target Standard = M2 ± (2.13)(Vp/6)°-5 Equation 8

Interval for High Standard = MS ± (2.13)(Vp/6)°-5 Equation 9

These intervals must not overlap. If overlap is observed, then
the supplier has failed to demonstrate the ability to
discriminate the 10 percent difference in concentrations. In
such a case, the standards are not acceptable.

13.4.9. In any event, the laboratory is responsible for the quality of the
standards employed for analyses under this contract.

1.4. DOCUMENTATION OF THE VERIFICATION AND PREPARATION OF
CHEMICAL STANDARDS

1.4.1. It is the responsibility of each laboratory to muintain the necessary
documentation to show that the chemical standards they have used in
the performance of CLP analysis conform to the requirements previously
listed. Weighing logbooks, calculations, chromatograms, mass spectra,
etc., whether produced by the laboratory or purchased from chemical

\
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supply houses, must be maintained by the laboratory and may be subject
to review during On-Site inspection visits. In those cases where the
documentation is supportive of the analytical results of data packages
sent to EPA, such documentation is to be kept on file by the
laboratories for a period of one year.

1.4.2. Upon request by the Technical Project Officer or Administrative Project
Officer, the Contractor shall submit their most recent previous year's
documentation (12 months) for the verification and preparation of
chemical standards within 14 days of the receipt of request to the
recipients he/she designates.

1.4.3. The Agency may generate a report discussing deficiencies in the
Contractor's documentation for the verification and preparation of
chemical standards or may discuss the deficiencies during an On-Site
laboratory evaluation. In a detailed letter to Technical Project Officer,
Administrative Project Officer, and EMSL-LV, the Contractor shall
address the deficiencies and the subsequent corrective action
implemented by the Contractor to correct the deficiencies within 14 days
of receipt of the report or the On-Site laboratory evaluation. An
alternate deliver schedule may be proposed by the Contractor, but it is
the sole decision of the Agency, represented either by the Technical
Project Officer or Administrative Project Officer, to approve or
disapprove the alternate delivery schedule. If an alternate delivery
schedule is proposed, the Contractor shall describe in a letter to the
Technical Project Officer, Administrative Project Officer, and the
Contracting Officer why he/she is unable to meet the delivery schedule
listed in this section. The Technical Project Officer/Administrative
Project Officer will not grant an extension for greater than 14 days for
the Contractor's response letter to the standards documentation report
The Contractor shall proceed and not assume that an extension will be
granted until so notified by the TPS and/or APO.

1.4.4. If new SOPs are required to be written or SOPs are required to be
amended because of the deficiencies and the subsequent corrective
action implemented by the Contractor, the Contractor shall write/amend
and submit the SOPs per the requirements listed in Exhibit E, Section

- Ill of the U.S. EPA CLP Statement of Work.
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1.4.5. If the Contractor fails to adhere to the requirements listed here, a
Contractor may expect, but the Agency is not limited to the following
actions: reduction of number of samples sent under the contract,
suspension of sample shipment to Contractor, GC/MS tape audit, data
package audit, an On-Site laboratory evaluation, a remedial laboratory
evaluation sample, and/or contract sanctions, such as a Cure Notice.

\
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APPENDIX 2

1. USATHAMA CALIBRATION CHECK STANDARDS

1.1. REQUIREMENTS FOR USE

1.1.1. Calibration check standards are required for all Class 1 and IB methods
and shall be analyzed during recertification and with each initial
certification. The calibration check standard shall contain all analytes
of interest for the method in question at a concentration near the upper
end of the calibration range. Results of the calibration check standards
shall fall within the limits of acceptability as described in Section 1.2
following.

1.2. LIMITS OF ACCEPTABILITY

1.2.1. CASE 1. A certified check standard is available from the EPA or some
other source with both the true value and limits of acceptability specified
by the supplier. The results must fall within the limits specified by the
supplier, or ± 10% for inorganics and within ± 25% for organics,
whichever is less.

1.2.2. CASE 2. A certified check standard is available from the EPA or some
other source with a true value specified but without limits of
acceptability. The results must fail within ±10% for inorganics and
within ± 25% for organics.

1.23. CASE 3. If no certified check standard is available, the contractor
laboratory shall prepare a check standard using a second source of
reference material. This standard shall be prepared by a different
analyst than the one who prepared the calibration standard. If weighing
of the material is required, a different balance should be used, if
possible. The results must fall within ± 10% for inorganics and within
± 25% for organics.

1.2.4. CASE 4. If there is only one source of reference material available,
then the calibration and calibration check standards must be prepared
from the same material. The standards shall be prepared by different
analysts. If weighing is required, different balances should be used, if
possible. The results must fall within ± 10% for inorganics and within
± 25% for organics.
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1.2.5. For all cases listed above, after the seventh acceptable calibration check
standard, the limits of acceptability shall be ± two standard deviations,
as determined from the first seven points.

\
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I. PURPOSE

A. The purpose of this Standard Operating Procedure (SOP) 1s to
establish uniform procedures for logging samples Into and out of
storage, for Internal custody transfers and for Interregional
transfer. Specific contractual obligations regarding Internal
chain of custody will supersede the procedures set forth In this
document.

B. Internal chain of custody Is established to provide unbroken
tracking of the sample from the time 1t Is received Into the
facility until the time of final disposition.

C. Internal chain of custody procedures as set forth In this
document wi l l be applied to projects requiring strict sample
tracking 1n accordance with project contracts and to "routine"
projects requiring minimal tracking.

II. RESPONSIBILITIES

A. PERSONNEL

1. All employees checking a sample out of storage for any
reason are responsible for adherence to this SOP.

2. Employees are responsible for contacting their supervisor or
the Quality Assurance Office with any required revisions to
this SOP.

B. SAMPLE CUSTODIAN/CHECK-IN PERSONNEL

1. Sample Custodians are responsible for ensuring that samples
received are properly logged Into assigned storage areas.
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C. DEPARTMENT SUPERVISOR/MANAGER

1. The department supervisor/manager 1s responsible for
ensuring adherence to the policies and procedures set forth
In this SOP.

2. The department supervisor/manager 1s responsible for
providing adequate resources to allow the policies and
procedures set forth In this SOP to be performed.

D. QUALITY ASSURANCE OFFICE

1. The Quality Assurance Office 1s responsible for monitoring
adherence to this SOP.

2. The Quality Assurance Office Is responsible for Implementing
all required revisions to this SOP.

3. The Quality Assurance Office 1s responsible for determining
distribution of this SOP and maintaining distribution
records for this and other SOPs.

III. REVIEHS/REVISIONS

A. This SOP will be reviewed on an annual basis at a minimum. Any
required revisions will be Incorporated Into the SOP at the time
of review.

IV. DISTRIBUTION

A. Distribution of this document will be determined by the Quality
Assurance Office.
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V. GENERAL POLICIES

A. The laboratories are restricted access areas. Access to the
building 1s through a monitored reception area. In the MN
Region, doors to the laboratory are accessible only by entering
a code to unlock the door.

B. Visitors must register In a visitor's book In the reception area
and be escorted while In the building. All visitors are
required to wear Identification badges.

C. Special Instances may arise where an Individual 1s not available
to relinquish custody (e.g.- when separate shifts are preparing
samples, or an analyst with custody calls 1n sick) and sample
processing must continue. To deal with these situations and
maintain sample Integrity, an analyst assumes custody of a
sample lot by ensuring that custody has not been broken and
documenting this on the COC form. The explanation on the COC
form might read, "I assumed custody of lot ABC from Jane Doe.
The extracts were locked 1n the refrigerator with no evidence of
tampering" and you would sign as receiver with the date, time,
and purpose for your assuming custody. These occurrences will
be kept to a minimum (prior arrangements should be made for
custody transfer If someone knows they will be unavailable).

D. In order to facilitate assembly of data packages, log book
numbers and pages used may be Included on a 11st in the data
package.

E. Regionally specific chain of custody procedures are Included as
Appendix I.
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F. STRICT INTERNAL CHAIN OF CUSTODY

1. Internal chain of custody of samples and sample
extracts/dlgestates for CLP, HAZHRAP, USATHAMA and other
regulated programs must be maintained within the laboratory
In addition to the field chain of custody received with the
samples and maintained by the project manager. The
following protocol <and referenced forms) are to be used by
sample preparation personnel or analysts In obtaining
samples and by analysts 1n obtaining samples or
extracts/dlgestates for analysis.

a. Samples and extracts/dlgestates are stored In
designated secure areas. Samples are to be
transferred to secure storage as soon as possible
after receipt. Storage location for samples 1s given
In PACE, Inc. SOP number MN-C-701. Extracts are
stored In a secure refrigerator located In the
extraction lab or In secure refrigerators located 1n
the organic Instrument laboratories. Dlgestates are
stored In secure rooms located In the Inorganic
laboratory. Refrigerators, freezers, and other
sample storage areas are kept locked during
non-business hours. Regular business hours are from
8:00 am to 4:45 pm Monday through Friday. If an
analyst Is present, locking storage areas 1s not
necessary.

b. Only the Sample Custodians or designated personnel
have access to the secure storage area(s).

c. Samples and extracts/dlgestates remain In secure
storage until removed for further sample preparation
or analysis.



INTERNAL CHAIN OF CUSTODY File Name HPPMNSOP62
Date January 19. 1994

MN-L-103-D Page 5 of 18____

d. Bound Sample Control Record (SCR) books w i l l be
maintained for each type of project requiring
Internal COC. The books will be assigned a unique
number, be paginated, and the book number will be
written on each page. See Attachment 1 for an
example of the SCR logbook page.

G. ROUTINE INTERNAL CHAIN OF CUSTODY

1. All transfers of samples Into storage will be documented on
an Internal chain of custody (COC) record. An example of
the Internal COC record used for this procedure Is Included
as Attachment 3.

2. Samples requiring routine Internal chain of custody will be
Inventoried on the Internal Chain of Custody form.

3. All applicable information will be filled in the appropriate
section of the form.

4. Any additional custody procedures will be addressed on a
regionally specific basis.

VI. PROCEDURE

A. All samples are inventoried 1n the appropriate SCR book as they
are put Into a secure storage area. Hhen samples are needed for
analysis, the analyst notifies the Sample Custodian (or
deslgnee) and the following information Is recorded in the SCR
book (Attachment 1):

1. This section Is to be completed by the Sample Custodian as
sheets are originated through the completion of the project.
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2. Sample Number (required)

a. The unique LDMS laboratory sample number assigned at
receipt. Enter the Individual number or first and
last number for a consecutive series of samples.

3. Relinquished by/Received by (required)

a. The Initials of the Individual relinquishing the
samples and the Initials of the Individual receiving
the samples must be entered In this column.

b. In the case of relinquishing or receiving custody
from a storage area, the appropriate columns will be
completed.

4. Date and Time Removed/Date and Time Returned (required)

a. This column contains the date and time the samples
are relinquished and received by the Sample Custodian.

5. Reason (required)

a. This column Is used to record the reason for removing
the samples from the secure area.

b. If custody Is changed within a department without
returning the sample/fract1on(s) to secure storage,
this will be documented 1n this column. For Internal
transfers, Include the Initials of the person
relinquishing custody, the person assuming custody
and the time when the transfer occurred.

c. Codes may be used to Indicate reason for transfer.
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B. Upon completion of sample preparation, the extracts/chgestates
are logged Into either the Sample Extract Control Logbook or the
Sample Dlgestate Control Logbook. according to the
extract/dlgestate ID number. See Attachment 2 and 4 for an
example of each of these logbook pages. Extracts are kept for
365 days or the number of days required by specific contracts.

C. All transfers of samples and extracts/dlgestates Into and out of
storage will be documented In their respective logbooks.

1. The control records for samples are maintained by the Sample
Custodian (or designated personnel).

2. After a sample has been removed from storage by the Sample
Custodian and relinquished to the analyst (or the analyst
assumes custody from a cooler), the analyst 1s responsible
for the custody of the sample. Each analyst must return the
samples to the storage area. The applicable logbook pages
must be again Initialed by the analyst and the Sample
Custodian to transfer custody.

3. If an Internal Department Transfer of samples Is necessary,
this 1s documented In the Reason Column.

VII. REFERENCES

A. Contract Lab Program (CLP) Statement of Hork of Organic and
Inorganic Analyses.

B. USEPA CLP User's Guide.

C. U.S. Army Toxic and Hazardous Materials Agency's Quality
Assurance Program.
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VIII. ATTACHMENTS
\

A. Regionally specific attachments are Included 1n this document.
Appendices specific to regional protocols/procedures are also
Included.
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Attachment 1

Sample Control Record
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Attachment 2

Sample Extract/Dlgestate Control Record

« •
• *
- •
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Attachment 4
Extract/Dlgestate Control Record

,
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APPENDIX I

I. CUSTODY TRANSFER UPON SAMPLE RECEIPT

A. A Check-In technician accepts custody of samples upon receipt by
signing, dating, and noting time of receipt on the Field Chain
of Custody or other documents containing sample Information.

B. After samples have been logged Into the Laboratory Data
Management System <LDMS), the Check-In technician relinquishes
custody of the samples to the sample custodian via a second
entry on the Field Chain of Custody or other appropriate
document(s).

1. If lack of information or time constraints prohibit the
Check-in technician from logging In the samples the same day
they are received, the technician relinquishes custody of
the sample to "locked storage" via a second entry on the
Field Chain of Custody or other appropriate document(s).

2. When the samples can be logged Into the LDMS, a Check-In
technician accepts custody from "locked storage" via a third
entry on the Field Chain of Custody or other appropriate
document(s).

C. The sample custodian routes samples to appropriate laboratory
coolers, as indicated by the last number of the storage location
code on the container label.

1. Storage areas are delineated as follows:
001: Cooler Cl
002: Cooler C2
003: Cooler C4
004: Cooler C4
005: Cooler C7
006: Cooler C6
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007: Cooler 013, non-routine samples
Cooler 05, routine samples

008: Metals storage Ml
009: Asbestos Laboratory
000: Miscellaneous, as Indicated In sample comments

2. If storage space Is not available In the designated area,
the sample custodian Informs a Check-In technician and the
storage code is changed to an area where the sample can be
stored.

D. The sample custodian makes an entry In a Custody book designated
to a storage area for each container placed In that storage area.

1. The custodian enters the sample number, followed by the
container type.

2. If more than one of a container type Is present In the
sample, they are entered separately, with each entry
delineated by sequential numbers after the container type.

3. The custodian enters the date and time each container was
placed 1n storage, Initials each entry, and enters the
reason for transfer. A single line cross out 1s made
through the "Time Out" column.

4. The first and second numbers 1n the sample storage code
Indicate the number of analyses to be performed on the
container. The sample custodian allots enough space In the
Custody book for the required transfers.

5. After the containers are entered Into the Custody book, the
laboratory responsible for the corresponding storage area,
has custody of the samples.
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E. Hhen an analyst removes a container to perform an analysis,
she/he accepts custody of the container.

1. The analyst enters the date and time the container was
removed, enters the reason for removal, and Initials the
entry.

2. Hhen the container 1s returned to storage, the analyst
enters the time In the "Time In" column.

3. If custody 1s transferred to another analyst before the
container Is returned to storage, this transfer 1s noted 1n
the "Reason" column of the Custody book.»

4. If the entire sample 1n the container Is used, the analyst
enters CHNR (Sample Consumed will not return) for the time
returned.

F. After all analyses are completed on a container, It is
transferred to an appropriate long term storage area.

1. A custodian enters the date and time the sample was removed
1n the Laboratory Custody book.

2. The entry Is Initialed. The reason Is listed as "Removal
for long term storage." A single line cross Is made through
the "Time In" column.

3. The container Is logged 1n the Long Term Storage Custody
book appropriate to the area where the sample Is being
stored.
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G. When a sample disposal or return occurs, the custodian notes the
occurrence in the Custody book for the appropriate cooler from
which the sample was taken.

1. Date and time out are entered and the entry Is Initialed.
2. The reason Is listed as "Disposal" or "Returned to Clients,"

and a single line cross 1s made through the "Time In" column.

H. When containers are sent to a sub-contracting laboratory, the
container 1s signed out of the storage area (an entry similar to
when a sample 1s returned to the client) and the reason 1s
listed as "Sub-contracted."

II. GENERAL CUSTODY BOOK PROCEDURES

A. Each book contains Information about containers 1n only one
storage area.

B. The date entries first made on a page Is listed at the top of
the page.

C. The PACE project numbers corresponding to each container on a
page are listed at the top of the page.
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SAMPLE CUSTODIANS:

APPENDIX II

FIRST SHIFT SECOND SHIFT

Alternate Paul Ernst
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APPENDIX III

Internal Chain of Custody of Extracts
GC and GC/MS Semi volatile Areas

Metals Area

The following Is the sequence of how extracts
In the semi volatile and metals area.

will move and be documented

1

2.

4.

5.

6.

7.

8.

A prep lab person will deliver extracts/dlgestates and place them In
assigned storage locations. He/she will fill out columns a, b, c, e
and f of the attached form.

An analyst will verify that all
Initials for received by (column d).

of the samples are there and

Hhen the analyst Is ready to perform the analysis, he/she checks the
samples out of the storage area. Date and Initial columns g and h.
During samples analysis, samples will be stored in refrigerator B
for pesticides/herbicides, refrigerator 08 for BNAs, and the metals
Instrument lab for metals.

When analysis Is completed, the analyst will check the samples back
Into the appropriate storage location (completes columns j and k).
At this time, all dilutions will also be checked In.

a. Enter the sample number with a (dl) appended behind It and the
dilution made. EX. 10 300001dl l:100b. enter date and person
checking In (columns 1 and j).

When sample data are validated, the date analysis completed will
entered by the supervisor (column k).

be

Once a week, a designated lab-tech will go through the storage
locations and remove all samples that have a date analysis completed
entered. CLP, Hazwrap and USATHAMA organic extracts will be sent
back to the prep lab for long term storage. All regular organic
client extracts will be placed In autosampler vial boxes. Each box
will be numbered and will have a beginning sample and ending sample
date (columns 1 and m). These boxes will be stored In the
designated storage location until they are three months old.

Once the ending date on a long term storage box is 3 months old, the
samples extracts will be discarded (complete column n).

All standards will be stored In refrigerator C 1n the
pesticide/herbicide area and cooler 08 In the BNA area. Metals
standards will be stored 1n the metals Instrument lab. No standards
will be placed in refrigerators A or B.
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PURPOSE

1.1 The purpose of this Standard Operating Procedure (SOP) is to provide a detailed
explanation of the procedure used to prepare, distribute, and act upon discrepancy
reports.

APPLICATION

2.1 The policies and procedures contained in this SOP are to be applied when discrepancies
arise during die course of sampling, receipt, analysis, reporting, or other PACE, Inc.
activity.

2.2 All employees are responsible for the proper use of discrepancy reports and subsequent
corrective actions.

GENERAL POLICIES

3.1 The Quality Assurance Office will maintain records of discrepancy reports.

3.2 A discrepancy is any disagreement or divergence from what is expected.

3.3 AH discrepancies must be documented so corrective actions can be taken to prevent any
future occurrences.

3.4 All discrepancy reports will be reviewed on a twice monthly basis by the discrepancy
quality performance team (QPT) or Quality Assurance Officer.

RESPONSIBILITIES

4.1 PERSONNEL

4.1.1 The individual encountering the discrepancy wiO be responsible for initiating the
Discrepancy Report (DR) and assuring mat the information provided in me DR
is complete and thorough.

4.1.2 The initiator will be responsible for addressing me discrepancy with his/her
department supervisor/manager, then routing the DR to the Project Manager
(PM).

4.2 QUALITY ASSURANCE PERSONNEL

4.2.1 Responsible for preparation and distribution of DR summary reports.
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4.2.2 Responsible for maintaining DR records.

4.2.3 Responsible for coordinating the QPT.

4.2.4 Responsible for verifying that corrective actions have been inplemented.

4.3 PROJECT MANAGER

4.3.1- Responsible for assuring that the client is notified when necessary, that
appropriate documentation accompanies the final report, and the discrepancy gets
reported to the Quality Assurance Office.

4.3.2 Responsible for completing the DR and returning it to the Quality Assurance
Office.

4.4 SECTION SUPERVISORS, DEPARTMENT MANAGERS

4.4.1 Responsible for periodic review of DR summary reports.

4.4.2 Work with the initiator to implement corrective actions.

4.4.3 Assist the PM when required to assure that appropriate corrective action is
provided.

4.4.4 Responsible for ensuring that this SOP is implemented.

4.4.5 Responsible for ensuring that required modifications to this SOP are
communicated to the QAO.

4.5 DISCREPANCY QPT

4.5.1 A Discrepancy QPT may be assigned at the discretion of the region.

4.5.2 The Discrepancy QPT will consist of members representing various areas of the
region. The areas represented may include Field Services, Sample Check-in,
Client Services, Organic Chemistry, Inorganic Chemistry, Quality Assurance and
any other area involved in the generation or resolution of discrepancies.

4.5.3 Representatives will participate on the Discrepancy QPT for a six month period.
Reappointment will be an option.

4.5.4 Representatives will be appointed by the Quality Assurance Office in conjunction
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with department managers.

4.5.5 The Discrepancy QPT is responsible for identifying problem areas and providing
recommendations to prevent reoccurrence.

4.5.6 The Discrepancy QPT will be responsible for ensuring that discrepancies are
brought to closure in a manner consistent with quality standards.

DISTRIBUTION

5.1 This SOP will be distributed to all sections that are subject to discrepancy occurrences.

REVIEW PROCESS AND REVISIONS

6.1 This SOP will be reviewed annually at a minimum by a representative of the Quality
Assurance Office.

6.2 If required, revisions will be made at the time of review by the representative of the
Quality Assurance Office.

6.3 Suggestions or recommendations for revisions to this SOP will be directed to the Region
Quality Assurance Office or the Department Manager.

6.4 First level approval for mis SOP will be made by the Quality Assurance Officer or his
designee. Second level approval for this SOP will be made by the Regional Director or
his designee.

PROCEDURE

7.1 RESOURCES

7.1.1 Attachment 1: Sample Preservation Discrepancy Report

7.1.1.1 This form is representative of the form to be used when the
discrepancy involves a problem in the preservation of samples
(as indicated by pH level).

7.1.1.2 In some regions, preservation discrepancies may be addressed
using the Discrepancy Report Form described in Section Vn.2.

7.1.2 Attachment 2: Discrepancy Report Form

7.1.2.1 This form is representative of the form to be used for all other
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discrepancies. Broken sample containers, receipt of a different
number of samples than anticipated, samples received on days
other man that anticipated, analytical problems, reporting
problems, sampling problems, scheduling problems, and other
occurrences require die notification of the project manager and
need to be documented.

7.1.2.2. A discrepancy code will be applied to the report. The codes are
available on the reverse side of the Discrepancy Report Form.
Typical codes are included as Attachment 3.

7.1.3 Codes are assigned on a regionally specific basis. Regions may at there
discretion, use other types of report forms specific to various
departments/activities.

7.2 DESCRIPTION OF PROCEDURE

7.2.1 Sample Preservation Discrepancies

7.2.1.1 Laboratory personnel will record the information requested on
the form (see Attachment 1) for any sample which is not
properly preserved, as indicated by pH level.

7.2.1.2 The form is routed to the appropriate project manager so the
client can be notified.

7.2.1.3 The Quality Assurance Office will review the sample
preservation discrepancy forms on a bi-weekly basis.

7.2.2 Other Discrepancies

7.2.2.1 As soon as possible following the discovery of a discrepancy, the
form wfll be completed as fully as possible by the person first
encountering the discrepancy.

7.2.2.2 Upon preliminary completion of the DR, the Initiator will obtain
a DR number from the Quality Assurance Office or designated
department. The DR number can be obtained by contacting the
Quality Assurance Office or designated department or by taking
the appropriate number from a DR clipboard located in the
designated department.
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7.2.2.3 Upon completing the initiator section/ the department
manager/supervisor initials are required.

7.2.2.4 The completed form will be routed to the PM as soon as
possible.

7.2.2.5 The initiator will exercise judgment in determining whether other
personnel need to be notified at this point in the routing
sequence.

7.2.2.6 The PM will review the form. The review will include the
following:

7.2.2.6.1 The initial screening will include a form completeness
check, assurance that the discrepancy is explained
adequately, and review of corrective action if applicable.

7.2.2.7 The PM will route the appropriate sections of the form to the
Quality Assurance Office. Routing of the forms should be done
at the earliest possible time.

7.2.2.8 The Project Manager will assure that appropriate corrective
action is taken.

7.2.2.9 Appropriate corrective action may include client contact. All
PM comments should be recorded along with client comments.
See Section 8 for an outline of corrective action steps.

7.2.2.10 The Project Manager will complete his/her portion of the form
and route the completed form to the Quality Assurance Office.

7.2.2.11 The PM will communicate with the initiator the proposed
corrective action as soon as the action is determined.

7.2.2.12 The Quality Assurance Office will review the discrepancy, route
copies to die initiator and manager/supervisor, and work with
departments to ensure that corrective actions are implemented.

7.2.3 The Quality Assurance Office will prepare a monthly or quarterly discrepancy
report summary and distribute this summary to Department Managers, the
Regional Director, and Corporate QA.

7.2.4 The Quality Assurance Office will archive the forms.
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CORRECTIVE ACTION

8.1 See Attachment 3 for a flow chart of the corrective action process.

8.2 If, as a result of audits or QC sample analyses, methods systems prove to be
unsatisfactory, corrective action shall be implemented. The project manager, department
manager, Quality Assurance Officer, supervisor, and analyst may be involved in the
corrective action. If previously reported data are affected by a situation requiring
correction or if the corrective action impacts a project budget or schedule, the action will
directly involve the project manager (and Quality Assurance Officer).

8.3 For immediate or long-term corrective actions, steps comprising a closed-loop corrective
action system are as follows:

8.3.1 Define the problem.

8.3.2 Assign responsibilities for problem investigation.

8.3.3 Determine if the condition is significant.

8.3.4 Investigate and determine the cause of the problem.

8.3.5 Sample Analysis Discrepancy

8.3.5.1 Check all calculations

8.3.5.2 Re-analyze the sample

8.3.5.3 Verify the integrity of the spiking solution, laboratory control sample,
or calibration standard.

8.3.5.4 Check instrument and operating conditions to preclude the possibility
of malfunctions or operator error.

8.3.6 Systems Discrepancy

8.3.6.1 Evaluate impact on related items or activities.

8.4 Determine the corrective action(s) necessary to eliminate the problem.

8.5 Assign and accept responsibilities for implementing the corrective action.
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8.6 Establish the effectiveness of the corrective action and implement the correction.

8.7 Verify and document that the corrective action has eliminated the problem (using the
Discrepancy Report form).

8.8 Depending upon the nature of a problem, the corrective action implemented may be
formal or informal. In either case, occurrence of the problem, the corrective action
employed, and verification that the problem has been eliminated must be documented.

8.9 In addition, if the corrective action mandates the preparation of a new standard or
calibration solution(s), a comparison study between the new solution versus the old
solution will be performed. The results are supplied with the weekly QC submittal as
verification of problem elimination.

8.10 The archives of discrepancy reports will be maintained for a period of one year.

REFERENCES

9.1 USEPA Good Automated Laboratory Practices (DRAFT), Recommendations for Ensuring
Data Integrity In Automated Laboratory Operations, December 28, 1990.

9.2 USEPA Contract Laboratory Program, Statement of Work for Organics Analysis, Multi-
Media, Multi-Concentration, Document OLM01.

9.3 PACE, Inc. Laboratory Quality Assurance Plan.

9.4 ASME, NQA-1-1989 Edition, Quality Assurance Program Requirements for Nuclear
Facilities.

9.5 All references are to the current issue of the document available at the time the procedure
was prepared. As these documents are revised, they will supersede the reference
documents. The requirements of the most current approved copy shall be implemented
for compliance with the requirements of this procedure.
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Initials Dau
Initiator

ATTACHMENT 1 PM:

Sample Preservation Discrepancy QA: ___ ____

Sample # Project # Analysis Date Analyzed Client

-

•

pH KM.
,
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DRJfo.______
(Obtain from QA)
DR. Code:_____
QA USE: ____

ATTACHMENT 2

PACE, INCORPORATED DISCREPANCY REPORT

routing sequence signature sequence
Initial Date

Initiator
Super.
PM
QA

(INITIATOR)

CLIENT:__
ANALYSIS:
SAMPLE(s)r
DISCREPANCY:

r JtOrOSED RESOLUTION:

P.M.
PROJECT #:

(PROJECT MANAGER)

CLIENT CONTACT: YES ( ) NO ( ) DATE-
m COMMENTS: V ' ^^lc"

CLJENT/QA COMMENTS
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ATTACHMENT 2, CONTINUED

DISCREPANCY REPORT PROCEDURE

1. The initiator completes the top half of the form.
2. The initiator obtains a discrepancy report (DR) number from Quality Assurance

(QA)by using the clipboard used to assign numbers and summarize DRs.
3. The initiator writes the "Dr No." in the upper left hand corner of the form.
4. The initiator takes the form to their supervisor for initialization. The form then

gets forwarded to the project manager.
5. The project manager fills out the bottom half, writing notes on the form and

contacts the client if needed.
6. The project manager writes any comments and resolutions on the form.
7. The project manager routes a copy to the initiator or verbally notifies the initiator

of the resolution to the discrepancy. The original form is forwarded to QA.

DISCREPANCY CODES

1. Holding Time

1.0 Checked in out of holding
'- LI Dilution run out off holding

1.2 Arrived out of holding
13 Short holding time parameter

sample arrived after hours
1.4 Arrived after >50% of holding

time had expired
1.5 Miscellaneous
1.6 Holding time not applicable
1.7 PACE error

2. Lost Samples

2.0 Checked in out of holding
2.1 Sample misplaced during analysis
22 Miscellaneous

3. Preservation

3.0 Not preserved
3.1 Inadequately preserved

4 Sample Volume
4.0 Insufficient sample provided
4.1 Insufficient sample as a

result of analysis
42 Headspace present
4J Extract final volume suspect

5. Lab Accident

5.0 As a result of
" ~cbeck-in/storage
5.1 During analysis

6. Contamination

7. Q.C Outlier

7.0 Matrix
7.1 Spiking error
12 Instrumental
7.3 Preparation problem
7.4 Control Chart Outlier

& Improper check-in of sample

8.0 Client error
8.1 PACE error

9. Nonproject Related

Discrepancy (i.e.
cooler out of control)

10. Miscellaneous
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Close out

ATTACHMENTS

Identify condition
adverse to qulaity

Correct condition
adverse to quality

Yes
•Yes-

Determine cause

I
Evaluate impact on

related items or
activities

I
Take action to

preclude recurrence

I
Document and report

to management

Verify implementation
of corrective action

(Effectivi

Trend condition
adverse to quality

(where appropriate)

Notify cognizant
management

ot Effective

CORRECTIVE ACTION FLOW CHART
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PURPOSE

1.1 This Standard Operating Procedures (SOP) sets forth the policies and procedures
governing the performance and response to external and internal audits.

SCOPE/APPLICATION

2.1 The policies and procedures set forth in this document are applicable to all personnel
participating in or responding to external and/or internal audits.

RESPONSIBILITIES

3.1 LABORATORY MANAGEMENT

3.1.1 Laboratory management is responsible for ensuring that the standards
described in this document are implemented and adhered to.

3.1.2 Laboratory management will provide the necessary resources, facilities, and
equipment that may be required; receive and respond to QA reports and audits;
and provide all other laboratory personnel with the guidance, training, or
supervision they require to perform successfully in their assigned roles.

3.2 QUALITY ASSURANCE OFFICE (QAO)

3.2.1 The QAO is responsible for review of system SOPs, inspection and audit of
the system, review of reports for data integrity, and review of control limits.

3.3 PERSONNEL

3.3.1 All personnel are responsible for familiarity with and conformity to SOPs.
REVIEWS/REVISIONS

4.1 This SOP will be reviewed on an annual basis at a minimum.

4.2 At the time of review, any required revisions will be incorporated and the superseded
document replaced.

DISTRIBUTION

5.1 Distribution of this SOP will be determined by the Quality Assurance Office.

5.2 Distribution records will be maintained by the Quality Assurance Office.
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PERFORMANCE AND SYSTEM AUDITS

6.1 PACE'S SYSTEM AUDITS

6.1.1 Internal Audits:

6.1.1.1 AH records, logs, and data files are audited quarterly for completeness,
accuracy, and adherence to standard operating procedures by an
internal auditing team. Audit team members include the Quality
Assurance Officer and any other associated personnel. Several random
project files are evaluated for compliance to procedures throughout the
analytical process (i.e., from sample receipt through the final report).
Supervisors, and lab analysts routinely check all records for the same
criteria.

6.1.2 External Audits:

6.1.2.1 PACE is audited as required by regulatory agencies to maintain
laboratory certifications, and by various commercial clients with
laboratory auditing programs. These audits include: USEPA,
USATHAMA, AIHA, and other appropriate federal, state and private
agencies.

6.1.3 Total Quality System Audit:

6.1.3.1 The Corporate Quality Office performs a yearly on-site audit at each
regional facility. The Corporate audit is conducted by Corporate
Quality. This audit is designed to evaluate all regional office
operations and is not limited to only laboratory operations. Audits may
either be systems-related or technical in nature, depending on the type
of information needed for making quality improvements.

6.2 PERFORMANCE EVALUATIONS:

6.2.1 PACE participates in the US EPA semi-annual drinking water (WS Series) and
semi-annual wastewater (WP Series) Performance Evaluation Studies (four
studies per year).

6.2.2 PACE participates in various client-sponsored performance evaluations by
analyzing QC samples prepared and submitted by commercial clients in
conjunction with their own QA program.

6.2.3 Several government proficiency samples are analyzed annually to maintain
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various laboratory certification.

6.2.4 PACE regional offices are provided blind QC check samples quarterly. These
are provided by Corporate Quality as a part of the PACE Interregional Testing
Survey, and may also be provided independently by the regional Quality
Assurance Officer.
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REFERENCES

7.1 Statement of Work for Organics Analysis, Multi-Media, Multi-Concentration, US EPA
Contract Laboratory Program.

7.2 All references are to the current issue of the document available at the time the
procedure was prepared. As these documents are revised, they will supersede the
reference documents. The requirements of the most current approved copy shall be
implemented for compliance with the requirements of this procedure.
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L PURPOSE

The puipose of this Standard Operating Procedure is to provide quality control and analytical guidance
for the analysis of whole air samples contained in SUMMA (TM) passivated canisters using gas
chromatography/mass spectrometry. This SOP is based on EPA Compendium Method TO-14 and EPA
Contract Laboratory Program (CLP) SOW No. XXX - Ambient Air.

H. SCOPE/APPLICATION .

A. SCOPE

This procedure is designed to analyze volatile organic compounds (VOCs) that have been found to be
stable when collected in SUMMA (TM) polished stainless steel canisters. Table 1 lists target VOCs

•^^•- applicable to this method. A 500 cc aliquot of the whole air sample is concentrated prior to gas
chromatographic (GQ separation and mass spectrometry full scan detection. Samples expected to
contain VOCs in a range of 1 part per billion by volume (ppbv) to 250 ppbv can be analyzed by this
technique. Source level samples that may contain part per million by volume (ppmv) contaminants are
analyzed utilizing a different means of sample concentration (PACE SOP No. MN-0-457-AH).

B. SAFETY

The toxicity of carcinogenicity of each reagent used in this method have not been precisely defined;
however, each chemical compound should be treated as a potential health hazard. A current awareness
file of OSHA regulations regarding the safe handling of the chemicals specified and a reference file of
material safety data sheets is maintained in the laboratory and is available to all personnel involved in
the chemical analysis.

RESPONSIBILITY

A. QUALITY ASSURANCE OFFICER

1. The Quality Assurance Officer has overall responsibility for monitoring implementation
of and adherence to the policies and procedures set forth in this document.
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2. The Quality Assurance Officer will conduct semiannual audits of the facility to monitor
adherence to this and other SOPs. The results of die audit will be reported to Regional
Management and Corporate Quality.

B. ORGANIC LABORATORY MANAGER/SECTION SUPERVISOR

1. The manager/supervisor is responsible for ensuring adherence to this SOP.

2. The manager/supervisor will ensure that this SOP is reviewed on an annual basis.

3. The manager/supervisor will ensure that the Quality Assurance Officer is notified when
revisions to the SOP are required.

C. ANALYST

1. The analyst is responsible for Mowing all procedures set forth in mis document. The
analyst will report any deviations to die procedures set form in mis document

2. The analyst is responsible for reviewing the SOP on an annual basis and reporting any
required revisions to the department manager or supervisor.

IV. REVIEWS/REVISIONS

A. This SOP will be reviewed on an annual basis at a minimum.

B. At the time of review, any required revisions will be incorporated and the superseded document
replaced.

V. DISTRIBUTION

A. Distribution of this SOP will be determined by the Quality Assurance Officer.

B. Distribution records will be maintained by the Quality Assurance Officer.
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VL PROCEDURE

A. DEFINITIONS

1. Absolute canister pressure « Pg + Pa, where Pg = gauge pressure in the canister (kPa,
psig) and Pa = barometric pressure.

2. Absolute pressure - Pressure measured with reference to absolute zero as opposed to
atmospheric pressure, usually expressed as kPa, mm. Hg or psia.

3. Cryogen - A refrigerant used to obtain very low temperatures in the gas chromatographic
oven. A typical cryogen is liquid nitrogen (bp - 195.8°C).

4. Dynamic calibration - Calibration of an analytical system using calibration gas standard
—' concentrations in a form identical or very similar to the samples to be analyzed and by

introducing such standards into the inlet of the sampling or analytical system in a manner
very similar to the normal sampling or analytical process.

5. Gauge pressure - Pressure measured above ambient atmospheric pressure as opposed to
absolute pressure. Zero gauge pressure is equal to ambient atmospheric (barometric)
pressure.

6. MS-SCAN- The GC is coupled to a MS programmed in the SCAN mode to scan all ions
repeatedly during the GC run. As used in the current context, this procedure serves a
qualitative identification and characterization of the sample.

7. Megabore(TM) column - Chromatographic column having an internal diameter (I.D.)
greater than 0.50 mm. The MegaborefTM) column is a trademark of the J&W Scientific
Co. For purposes of this SOP, Megaborc(TM) refers to chromatographic columns with
0.53 mm I.D.

8. Qualitative accuracy - The ability of an analytical system to correctly identify
compounds.

9. Quantitative accuracy - The ability of an analytical system to correctly measure the
concentration of an identified compound.
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B. MATERIALS, SUPPLIES, AND EQUIPMENT NEEDED

1. Standard preparation materials.

a. 10, 25, 50, 100, 250, 500, and 1000 uL gas tight syringes (Hamilton).

b. Supelco custom standard mixes in methanol at 20 mg/mL and Chem Serv
individual neat standards or equivalent.

c. Burdick and Jackson purge and trap grade methanol.

d. Various sizes of class A glass volumetric flasks.

e. SUMMA(TM) passivated canisters, six liter capacity and 40 psig maxi n
pressure. ^"^

f. Zero grade air high pressure cylinder. •

g. 0-1 SLPM electronic mass flow controller with controller.

h. 25 mL sparge vessel for humidification purposes.

i. Laboratory designed flash evaporator consisting of a 1/4" x 10" stainless steel
SUMMA(TM) passivated tubing wrapped with heat wrap. One end is fitted with
a Swagelock(TM) tee for a zero grade inlet and septum cap. The other end fits
directly onto the canister.

j. Heat controller capable of heating and maintaining a temperature of 180°C.

k. Bubble flow meter to aid in setting the zero grade air flow at 1000 mL/min.

2. Analytical instrumentation.

a. Hewlett Packard 5890 Series I gas chromatograph with packed column mass flow
controller and SGE metal jet separator.

b. J & W Scientific DB-624 30m x 0.53mm Megabore(TM) column.
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c. Chromatographic grade high pressure helium cylinder for column carrier gas.

d. Hewlett Packard 5970B Mass Selective Detector with RTE-A operating system.

e. Liquid nitrogen dewar for subambient GC oven cooling and sample concentrator.

3. Sample concentration.

a. PACE utilizes a Nutech Model 3521 sample concentrator equipped with
appropriate electronic mass flow controllers, valves, and pump along with a
Nation (TM) dryer for moisture control.

b. The Nutech contains a sample trap consisting of 0.32 cm outside diameter nickel
tubing loop packed with 60-80 mesh Pyrex beads with glass wool plugs at each
end. The nickel tubing loop is wound onto a cylindrically formed tube heater
(250 watt). A cartridge heater (25 watt) is sandwiched between pieces of
aluminum plate at the trap inlet and outlet to provide additional heat to eliminate
cold spots in the transfer tubing. During operation, die trap is inside a two-
section stainless steel shell which is well insulated. Rapid heating (-150° C to
180° C in 60 s) is accomplished by direct thermal contact between the heater and
the trap tubing. Cooling is achieved by vaporization of liquid nitrogen. In the
shell, efficient cooling to -150° C is facilitated by confining the vaporized
cryogen to the small open volume surrounding the trap assembly.

c. Two electronic mass flow controllers (MFC) are utilized to maintain constant
flow and trap pressure for each run. The first MFC (MFC #1) is in line after the
three way valve and before the sample trap. A second MFC (MFC #2) is located
in line after the sample trap but before the sample pump. A pressure release vent
is placed between MFC f 1 and the sample trap. MFC f 1 is set 1.5 times greater
than MFC 12. MFC #2 controls the flow rate through the sample trap and is
usually set at 40 cc/min.

d. The sample canister and internal standard canister are connected to MFC #1 via
a three way stainless steel valve. This valve is manually switched to allow for
collection of internal standard on the cryo-trap followed by collecting sample or
standard.
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C. STANDARD CANISTER PREPARATION USING FLASH EVAPORATION

Standard preparation is accomplished by injecting an aliquot of liquid standard, usually in methanol, into
a heated zone which is swept with humidified zero grade air. A 1/4" x 10" piece of SUMMA(TM)
passivated tubing is wrapped with heat tape and fitted with SwagetockCTM) fittings. One end is
equipped with a tee for a capped septum through which the liquid standard is added, and the other end
attaches directly to an evacuated 6 L SUMMA(TM) canister. Using a controller, the flash evaporator
is heated to 180°C and maintained at this temperature for the duration. An electronic mass flow
controller (0-1 SLPM) regulates the flow of air through the evaporator and is placed in line before the
25 mL sparge vessel containing UV treated water for humidification. Based on the air flow rate,
usually 1000 mL/min, a final canister volume and concentration is attained. The units of concentration
in the final standard canister are ug/m3.

For example, if 25 uL of a standard mix containing all target compounds in methanol @ ? \
pg/mL is flash evaporated into a final canister volume of 10 L, the final concentration is 5totf
fig/m3 or approximately 100 ppbv.

Final standard canister concentration in ppbv corrects for the molar gas volume and percent humidity.
A spreadsheet is used to aid in standard preparation amounts to be flash evaporated (see Table 2' for an
example of this spreadsheet). All standard preparation is recorded in a standard preparation log book
and assigned a standard number.

D. INSTRUMENT OPERATING CONDITIONS

1. Gas chromatograph temperature program:

Initial temp: -25 °C for 1.0 min.
Ramp A: 12°C/min to 50°C
Ramp B: 6'C/min to 140°C
Ramp C: 10°C/min to 190°C, hold 2 min.
Total run time: 28 min.
Carrier flow: 10 mL/min helium

2. Mass spectrometer parameters:

Electron volts: 70 nominal
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Scan range: 35 to 300 amu
Scan time: To give at least 5 scans per peak, not to exceed 1 second per scan.
Jet separator temp: 160°C
Interface temp: 190°C

3. The GC/MS system must be set up to meet manufacturer's specification. The mass
calibration and resolution of the GC/MS system are verified by the analysis of the
instrument performance check standard p-bromofluorobenzene (BFB). A BFB standard
canister is prepared as in Section VI.C at 1.0 mg/m3 which results in a final on column
amount of 50 ng of BFB when a 50 cc of standard is trapped. The mass spectrum of
BFB must be acquired in die following manner. Three scans, the peak apex and the
scans immediately preceding and following the apex, are acquired and averaged.
Background subtraction is required, and must be accomplished using a single scan prior
to the elution of BFB. The instrument performance check (BFB) must meet the ion
abundance criteria given in Table 3. The BFB 50 ng tune must be analyzed every 12
hours during sample or standard analysis.

4. Nutech Model 3521 sample concentrator temperatures.
a. Sample cryogenic trap: trap & -150°C, desorb ® 180°C
b. Sample transfer line: 150°C
c. Instrument transfer line: 150°C

5. Electronic mass flow controller settings,
a. MFCll: 60cc/min
b. MFC 12: 40cc/min

6. Nafion (TM) dryer settings.
a. Dry zero grade air flow: 120 cc/min
b. Sample collection temperature: 20° C
c. Reconditioning temperature: 80° C for 10 min.

7. All sample and internal standard lines are of chromatographic grade stainless steel.

E. INTERNAL STANDARD CALIBRATION PROCEDURE

1. Prepare calibration standards at a minimum of three levels as described in Section VI.C
for the target compound list Standard canisters may be stored up to thirty days.
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2. Prepare an internal standard canister containing fluorobenzene and p-bromofluorobenzene
(BFB) at a concentration equivalent to the midpoint of the calibration. (Note: If
interferences exist with the two internal standards listed, alternate compounds may be
used which are similar to the target compounds.)

3. Once it has been demonstrated that the GC/MS system meets BFB tune criteria, analyze
each calibration standard canister along with the internal standard as described in Section
VI.F.

4. Tabulate the area response of the primary ion (Table 4) and the corresponding
concentration for each compound and internal standard. Calculate the relative response
factors (RRF) for each compound using the following equation:

RRF = (Ax) X
(Ais) (Cx)

where,

RRF = relative response factor,
Ax = area of the primary ion for die compound to be measured,
Ais = area of the primary ion for the internal standard,
Cis = concentration of the internal standard (ug/m3),
Cx = concentration of the compound to be measured (ug/m3).

The RRF for each compound is calculated using the specific internal standard associated
with the compound of interest (see Table 5).

5. The average RRF is calculated for each compound in the calibration, and the % Relative
Standard Deviation (% RSD) is calculated based on the RRF values over the working
range of the initial calibration curve. The % RSD must be equal to or less man 30% for
each compound. Up to 10% of the targets in the compound list can exceed this 30%
RSD criteria, however, no compound can exceed 40% RSD. If a compound exceeds
40% RSD, corrective action must be taken such as reanalyzing a standard or preparing
a new standard canister.

6. A continuing calibration standard must be analyzed every 12 hours during s a m .
analysis to check the initial calibration curve. The midlevel standard is analyzed anSf
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the GC/MS system meets BFB tune criteria, and the RRF value is calculated for each
compound. The % difference of the check standard compared to the average RRF from
the initial calibration curve is calculated where,

%D = [(RRFi - RRFc) X (100)]/(RRFi)

where,

RRFi = average RRF from initial curve
RRFc = RRF for compound from check standard

The %D must be within 30% to proceed. Again, 10% of the targets can exceed criteria
but must be less than 40% D. If criteria are not met, action must be taken such as
reanalysis of the standard or an initial calibration.

7. Internal standard responses and retention times must be evaluated during or immediately
after data acquisition. If the retention time for any internal standard shifts by more than
0.5 minutes from the latest calibration check, the system must be inspected for
malfunctions and appropriate corrections made. The selected ion current profile (SICP)
of each internal standard is monitored. If the SICP area changes by more than 50% from
the latest calibration check, the system must be inspected and changes made if necessary.

8. If time remains in the 12 hour period after calibration, a calibration check does not need
to be analyzed. However, a method blank of humidified zero grade must be analyzed
and compliant before samples can be analyzed. A method blank is compliant if no target
analytes are found above the MDL. Quantitation is done using the standard which is
equivalent to the level of the continuing calibration standard.

9. For each 12 hour period, a system performance check (BFB), continuing calibration
standard, and method blank must meet criteria before any sample analysis can begin.
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F. SAMPLE ANALYSIS

1. Upon receipt of the sample canister in the analytical lab, the canister pressure (psig) is
recorded on the sample tag and in the instrument run log. Any discrepancies are noted
concerning sample canister condition. If a canister is received with a vacuum greater
than 5" Hg,- zero grade is added to the canister to a final pressure of 2-5 psig. A dilution
factor will be applied to the analytical results for any sample canisters requiring
pressurization as follows:

Dilution factor (DF) = Ya/Xa

where,

Xa = Canister pressure absolute before dilution, and
Ya = Canister pressure absolute after dilution. ^

(Xa and Ya must be in the same units.)

2. Turn sample pump on.
3. Set MFC II to 60 cc/min and MFC 12 to 40 cc/min.
4. Set the Nafion (TM) dryer to 20°C.
5. Put the six port valve in the vent mode.
6. Connect die internal standard canister and sample canister to the three way valve.
7. Cool the sample trap to -150°C.
8. Turn the three way valve to the internal standard canister position, and open both the

internal standard and sample canister.
9. Turn the six port valve to the trap mode and collect me internal standard for 1 min 4 sec.
10. After the 1 min 4 sec internal standard collection, immediately turn the three way valve

to the sample position and collect for 12 min 30 sec.
Note: The pressure release vent between MFC 91 and the trap should be left open if the

canister pressure is >3 psig and closed if <3 psig.
11. While collecting sample, initialize the GCMS system to acquire.
12. Immediately after the 12 min 30 sec of sample collection expires, do the following

simultaneously:
a. Turn the six port valve to vent,
b. Heat the sample trap to 180° C.
c. Engage the remote GCMS start button.
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13. Close and disconnect the sample canister leaving the three way valve in the sample
position. Connect the sample inlet to a source of zero grade air to purge the system
between runs..

14. Set the Nafion (TM) dryer to 80° C and recondition for 10 min.
15. If the on-column concentration of any compound exceeds the upper calibration of the

instrument, a dilution must be performed. It has been shown that the largest dilution that
can be accomplished using this method is a 1:2 dilution. A 250 cc sample volume is
trapped as opposed to 500 cc. Sample collection time is adjusted accordingly to 6 min
15 sec @ 40 cc/min. If this dilution is not great enough, the sample may require
analysis by gas loop concentration (PACE SOP No. MN-O-457-AH).

G. QUALITATIVE ANALYSIS

_ 1. The compounds listed in Table 1 are identified by an analyst competent in the interpretation of
mass spectra. Sample mass spectrum are compared to the mass spectrum of a standard of the
suspected compound. Two criteria must be satisfied, to verify the target compound
identifications: (1) elation of the sample component at the same GC retention time as the
standard, component, and (2) correspondence of the sample component and standard component
mass spectra.

2. Relative retention time (RRT) of the sample component must agree within +/- 0.06 RRT units
of the RRT of the standard component using the continuing check standard as reference.

3. Standard and sample mass spectra are compared using reference spectra obtained on the GC/MS
system being used. The mass spectra used for comparison are from the same standard as that
being used for RRT comparison. Mass spectral requirements are as follows:

a. All ions present in the standard mass spectra at a relative intensity greater than 10%
(most abundant ion in the spectrum equals 100%) must be present in the sample
spectrum.

b. The relative intensities of ions specified in 3a. above must agree within +/- 20%
between the standard and sample spectra.

c. Ions greater than 10% in the sample spectrum but not present in the standard spectrum
^ must be considered and accounted for by the analyst making the comparison. The
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verification process should favor false positive.

4. Non-target sample components shall be library searched using the latest NIST library for the
purpose of tentative identification. These components are referred to as TICs (Tentatively
Identified Compounds) and will be noted as such in any final report with a qualifier of "N".
Guidelines for identification are as follows:

a. Characteristic kms in the reference spectrum (ions greater than 10% of the most abundant
km) should be present in the sample.

b. The relative intensities of the major ions should agree within +/- 20%.

c. Ions present in the sample spectrum but notin the reference spectrum should be reviewed
for background contamination or presence of coeluting peaks.

d. If in the technical judgement of the analyst, no valid identification can be made, the
compound will be reported as an unknown with possible classification such as
hydrocarbon. . • ' • ' •

H. QUANTITATIVE ANALYSIS

1. Identified target analytes shall be quantitated using the internal standard method using the SICP
area of the characteristic ions of analytes listed in Table 5.

2. The RRF from the continuing calibration standard analysis is used to quantitate samples and
blanks. Calculate the concentration of the sample component using the following equation:

Xa - [(Ax) as)(DF)]/KAis)(RRF)]

where,

Xa = Target compound air concentration, pg/m3,
Ax = Area of the characteristic ion for the compound to be measured,
Ais = Area of the characteristic km for the specific internal standard,
Is = Amount of internal standard present in pg/m3,
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RRF - Relative response factor from the analysis of the continuing check
standard,

DF - Dilution factor calculated as described in Section VI.F. 1. If no dilution
is performed, DF equals 1.

Note: To convert pg/m9 to ppbv, multiply the jtg/m3 amount by(24.05606/MW).
e.g. 100 ng/m3 of trichloroethene is equivalent to 18 ppbv:
[(100 /xg/mJX24.05606/131.39)]=18 ppbv

3. The internal standard method of quantitation is also used to determine an estimated concentration
for TICs. If the nearest internal standard exhibits interferences, the next closest internal is used.
Estimated concentration is obtained using the equation in Section VI.H.2. above with the
following exceptions:

•^ Ax = Total ion chromatogram area of the TIC,
Ais = Total ion chromatogram area of the specific internal standard,

and the RRF is assumed to be 1.0.

Estimated TIC concentrations will be flagged with a qualifier of "J".

VH. QUALITY CONTROL

A. Three performance criteria are used to demonstrate method validity which are as follows: (1) method
detection limit (MDL), (2) replicate precision, and (3) second vendor standard source.

1. MDL is determined following die guidelines set forth in40CFR136 Appendix B. Seven standard
replicates are analyzed at a concentration five times the expected detection limit. The standard
deviation is calculated for the seven replicates and this value is multiplied times the Student's
t value for 99% confidence. Instrument detection limits are listed in Table 1 based on a 10 cc
gas loop.

2. Replicate precision is based upon the relative difference between replicate measurements of the
same sample expressed as a percentage,
i.e. [(Measurement #1 - Measurement #2)xlOO%]/Average of 2 measurements
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Replicate calibration standards at 5 five times the expected MDL should be used. A goal of
25% for each compound is based on the EPA CLP SOW No. XXX - Ambient Air February
1991. Tabk 6 lists replicate precision data.

3. A standard canister is prepared at the midpoint of the calibration using a second vendor source
and analyzed to determine accuracy. Agreement within +/- 30% is acceptable where:

Accuracy % «= (Spito*i value - observed value) X 100
Spiked value

B. Duplicate sample analysis is performed once per 20 samples.
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Compound

TABLE 1

TARGET COMPOUND LIST

CAS RN MDL, ppbv Expected
Retention Time

(min.)

DICHLORODIFLUOROMETHANE
CHLOROMETHANE
FREON 114
VINYL CHLORIDE
BROMOMETHANE

v^CHLOROETHANE
TRICHLOROFLUOROMETHANE
1 , 1-DICHLOROETHENE
TRICHLOROTRIFLUOROETHANE
METHYLENE CHLORIDE
1 , 1-DICHLOROETHANE
cis-1 ,2-DICHLOROETHENE
CHLOROFORM
1,1, 1-TRICHLOROETHANE
CARBON TETRACHLORIDE
cis-1 ,3-DICHLOROPROPENE
BENZENE
1 ,2-DICHLOROETHANE
TRICHLOROETHENE
1 ,2-DICHLOROPROPANE
TOLUENE
trans-1 ,3-DICHLOROPROPENE
1 , 1 ,2-TRICHLOROETHANE
TETRACHLOROETHENE
1 ,2-DIBROMOETHANE
CHLOROBENZENE
ETHYL BENZENE

v_/m,p-XYLENE

75-71-8
74-87-3
1300-37-2
75-01-4
74-83-9
75-00-3
75-35-4
76-13-1
76-13-1
75-0902
75-34-5
156-59-2
67-66-3
71-55-6
56-23-5
10061-01-5
71-43-2
107-06-2
79-01-6
78-87-5
108-88-3
10061-02-6
79-06-5
127-18-4
106-93-4
108-90-7
100-41-4
1330-20-7

2.00
4.80
1.40
3.90
2.50
3.70
1.80
2.50
1.30
5.30
6.00
4.60
2.00
1.80
1.60
2.60
3.10
2.40
1.80
2.10
3.40
3.30
2.60
2.10
1.70
3.00
2.70
6.30

0.871
1.400
1.400
1.741
2.475
2.816
4.113
4.319
4.319
4.865
5.599
6.196
6.572
6.589
6.743
6.760
6.931
7.000
7.580
7.751
8.776
9.083
9.083
9.220
9.579
10.108
10.296
10.416
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TABLE 1

TARGET COMPOUND LIST (continued)

Compound CASRN MDL, ppbv Expected
Retention Time

(min.)

1 ,3,5-TRIMETHYLBENZENE
1 , 1 ,2,2-TETRACHLOROETHANE
1 ,2,4-TRIMETHYLBENZENE
1 ,3-DICHLOROBENZENE
1 ,4-DICHLOROBENZENE
BENZYL CHLORIDE
1 ,2-DICHLOROBENZENE
1 ,2,4-TRICHLOROBENZENE
HEXACHLOROBUTADIENE

108-42-5
79-43-5
95-63-6
541-73-1
106-46-7
100-44-7
95-50-1
120-82-1
87-68-3

2.30
L80
2.60
1.90
2.20
3.40
2.00
2.20
0.92

11.219
11.612
11.920
12.587
12.707
12.929
13.151
15.508
15.901



\ALYSIS OF WHOLE AIR SAMPLES COLLECTED IN
tfMMA (TM) PASSIVATED CANISTERS FOR VOLATILE

ORGANIC COMPOUNDS BY GAS CHROMATOGRAPHY/MASS
SPECTROSCOPY, EPA METHOD TO-14
MN-0-458

FILENAME: MN-0-458
DATE: JUNE 14, 1993

PAGE: 17 of 22

TABLE 2

STD SPREADSHEET

VOCCS Gas Standard Preparation Workshttt

Dry vobma 01 zara air addad to canstar
Ralaranca lamp, ol mass flow controHar (f)

20
70

OHution soivaffl dansly:
OiUofl selvam mola. wt.:

Tola) voluma ol solution addad:

0.7913
32.04

2
_

Gas Moisture Content Specifications
Compound
NO* rfOfR

TaMa
0

Cofitpouiiw NMIW

Watar. High Purty

Holaeuler
WMQM
16,015

!!«.*<
LII|UIU

Oansty
flftnl

0.9962

Oaalrad
BA«Ĵ *HB»»•wmufw
*.*»

Watar

MlOo,)

Actual
Watar
ulflq.)

200

Tiwa
Moisture
*,«v
1.38

VOC Standards Specifications for Stock Solutions

No. rfOfH
TaMt

1
2
3
4
5
6
7
6
9
10
11
12
13
14
15
16
17
16
19
20
21
22
23
24
25
26
27
26
29
X
31
32
33
34
35
36
37
36
39
t*

Compound Mama
(varltiy)

Batuana"
BanzylCMoridj"
Bramomatnana
Caftan Tatrachtorida B *
Chlorebanzana ••
CMoraathana
Chtorotorm"
CMoremattiana
1.2-Ofcromoatnans*
nvOentorobanzana • •
o-OBhtoraoanzana* •
p-OfchtorODanzana ' •
OctaBmdMuorornalhana •
1.1-OtcMoroathana •
U-OfeMoroathana*
1.1-DfclHofoaiiiana
ds-1 >OieMoroaOiylana '
l*DfcNoropropana>
ea>1>Ochtofopropana»
mm-lXNcMoraprapan* • •
1.2-Otchtoro-l .1,2.2-totranuoroamana
Elhytwnzana"
HaxacMan>i.3-Mitadiona •
Uathylana CMorida •
Syrens ••
1.1.2.2-TMrachloroathana •
Tauachtoroathylana • •
Tohiana"
1 ,2.4-Trichlorobanzana • •
1.1.1-Triehiorosthana*
1.12-Triehloroatnana»
TricMoroothana
Triehlorofluonxnathana •
1,U-TnchlOfO-1.2.2-lr((luoro»th*r.t •
l.Z4-Trtmathyt)anzana*
1,35-Trimathyibanzana •
Vinyl CMorida ••
m-Xylana"
o-Xylsns«»
-.*. C-? • '•

Molacuiar

76.11
126.56
94.95
153.64
112.56
64.52
119.39
50.49
167.66
147.01
147.01
147.01
120.92
96.97
96.96
96.95
96.95
112.99
110.96
110.96
170.93
106.16
260.76
64.94
104.14
167.66
165.65
92.13
161.46
13342
133.42
131.4
137.36
167.36
120.19
120.19
62.5

106.16
106 16

Stock
Solution
Co neon.

20000.0
20000.0
20400.0
200000
20000.0
20000.0
20000.0
20000.0
20000.0
200004)
200004)
20000.0
20000.0
20000.0
20000.0
20000.0
20000.0
20000.0
20000.0
20000.0
20000.0
20000.0
200004)
200004)
20000.0
20000.0
20000.0
20000.0
200004)
20000.0
20000.0
20000.0
20000.0
20000.0
20000.0
20000.0
20000.0
20000.0
200000

Oaakad
Cane.

•PH.VW

Vobma
Solution
Required

Hi

Actual
Voluma
Solution

Ml
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
500
50.0
50.0
50.0
500
500
50.0
SCO
50.0
KZ

Tnia
Cone, of
Standard

15.243
•.406
U.S39
7.739
10.576
16.453
9.972
23561
6437
6.099
6.099
6.099
9.646
12.030
12.031
12.261
I2£61
10.537
10.726
10.726
6.965
11.215
4.566
14.017
11.433
7.093
7.17J
12.923
6.561
6.924
6.924
9.061
6.667
6.354
9.906
9.906
19.050
11215
11:15
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TABLE 3

REQUIRED BFB KEY IONS AND ION ABUNDANCE CRITERIA

Mass Ion Abundance Criteria ~

SO 8.0 - 40.0 percent of mass 95
75 30.0 - 66.0 percent of mass 95
95 base peak, 100 percent relative abundance
96 5.0 - 9.0 percent of mass 95 (See note)
173 less than 2.0 percent of mass 174
174 50.0 - 120.0 percent of mass 95
175 4.0 - 9.0 percent of mass 174
176 93.0 - 101.0 percent of mass 174
177 5.0 - 9.0 percent of mass 176

Note: All ion abundances must be normalized to m/z 95, the nominal base peak, even though the ion
abundance of m/z 174 may be up to 120 percent that of m/z 95.
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TABLE 4

CHARACTERISTIC IONS FOR TARGET COMPOUNDS

Parameter ~ Primary Ion* Secondary Ion(s)

Vinyl chloride 62 27,64
Trichloroethene 130 132, 95
Chloroform 83 85,47
Benzene 78 77,50
Carbon tetrachloride 117 119
Tetrachloroethene 164 129, 131, 166

1-dichloroethene 61 96, 63
Sr2-dichloroethane 62 27,64

Chlorobenzene 112 77, 114
1.1.1-trichloroethane 97 99,61
1.1.2-trichloroethane 97 83,61
1,1,2,2-tetrachloroethane 83 85
Ethyl benzene 91 106
Methylene chloride 49 84, 86
1,2,4-trichlorobenzene 180 182, 184
Styrene 104 78, 103
1.1-dichloroethane 63 27,65
Toluene 91 92
Xylenes, o-, m-, and p- 91 106
1.2-dichloropropane 63 41,62
1,2-dichlorobenzene 146 148, 111
1,2-dibromoethane 107 109, 27
Chloroethane 64 29,27
Benzyl chloride 91 126
cis-l,3-dichloropropene 75 39, 77

The primary ion should be used unless interferences are present, in
which case a secondary ion may be used.
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TABLE 4 (continued)

CHARACTERISTIC IONS FOR TARGET COMPOUNDS

Parameter Primary Ion* Secondary Ion(s)

trans-l,2-dichloroethene 61 96, 98
1,4-dichlorobenzene 146 148, 111
Hexachlorobutadiene 225 227, 223
Bromomethane 94 96
trans-l,3-dichloropropene 75 39, 77
Dichlorodifluoromethane 85 87
Chloromethane 50 52
cis-l,2-dicWoroethene 61 96, 98
1,3-dichlorobenzene 146 148, 111
l,l,2-trichloro-l,2,2-trifluoroethane 151 101, 103
Trichlorofluoromethane 101 103
l,2-dichloro-l,l,2,2-tetrafluoroethane 85 135, 87
1,3,5-trimethylbenzene 105 120
1,2,4-trimethylbenzene 105 120

* The primary ion should be used unless interferences are present, in
which case a secondary ion may be used.
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TABLE 5

INTERNAL STANDARDS AND ASSOCIATED COMPOUNDS

Fluorobenzene (IS #1) Bromofluorobenzene (IS #2)

Dichlorodifluoromethane 1,1,2-Trichloroethane
Chloromethane Tetrachloroethene '
Freon 114 1,2-Dibromoethane
Vinyl chloride Chlorobenzene
Bromomethane Ethyl benzene
Chloroethane m,p-Xylene
Trichlorofluoromethane o-Xylene
1,1-Dichloroethene Styrene
Trichlorotrifluoroethane 1,3,5-Trimethylbenzene
Methylene chloride 1,1,2,2-Tetrachloroethane
1,1-Dichloroethane 1,2,4-Trimethylbenzene
cis-1,2-Dichloroethene 1,3-Dichlorobenzene
Chloroform 1,4-Dichlorobenzene
1,1,1-Trichloroethane Benzyl chloride
Carbon tetrachloride 1,2-Dichlorobenzene
cis-1,3-Dichloropropene 1,2,4-Trichlorobenzene
Benzene Hexachlorobutadiene
1,2-Dichloroethane
Trichloroethene
1,2-Dichloropropane
"oluene

-l ,3-Dichloropropene
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TABLE 6

REPLICATE PRECISION
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I. PURPOSE

The purpose of this Standard Operating Procedure is to provide quality control and analytical
guidance for the analysis of whole air samples contained in SUMMA (TM) passivated canisters
using gas chromatography/mass spectrometry. A laboratory designed gas loop sample
concentrator is utilized to transport the sample onto the GC column.

H. SCOPE/APPLICATION

A. SCOPE

This modified EPA Method TO-14 is designed to encompass air samples not applicable
to Compendium Method TO-14. The compendium method has an instrument working
linear range of 1 part per billion by volume (ppbv) to 100 ppbv designed for ambient air

^-' samples. Source level or pan per million by volume (ppvm) level samples are analyzed
by GCMS utilizing a gas loop concentrator to reduce on-column sample amount.
Compendium method TO-14 cryo-traps a 400 to 500 cc sample on a trap packed with
glass beads. The trap is then heated and desorbed onto the analytical column for
separation followed by mass spectroscopy detection in the full scan mode. Gas loop
reduces the amount of samples loaded onto the column decreasing the likelihood of
detector saturation when dealing with source level whole air samples such as stack, soil
vapor, and landfill samples containing ppmv levels of contaminants. Gas loop sizes
range from 0.010 cc to 10 cc which allows for a working range of 0.10 ppmv to 10,000
ppmv. Sample canisters, transfer lines, and the ten port valve containing the sample loop
are all heated to reduce carryover and ensure sample vaporization within the canister.
Target compounds applicable to this method are listed in Table 1.

B. SAFETY

The toxicity of carcinogenicity of each reagent used in this method have not been
precisely defined; however, each chemical compound should be treated as a potential
health hazard. A current awareness file of OSHA regulations regarding the safe handling
of the chemicals specified and a reference file of material safety data sheets is maintained
in the laboratory and is available to all personnel involved in the chemical analysis.
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m. RESPONSIBILITY

A. QUALITY ASSURANCE OFFICER

1. The Quality Assurance Officer has overall responsibility for monitoring
implementation of and adherence to the policies and procedures set forth in this
document.

2. The Quality Assurance Officer will conduct semiannual audits of the facility to
monitor adherence to this and other SOPs. The results of the audit will be
reported to Regional Management and Corporate Quality.

B. ORGANIC LABORATORY MANAGER/SECTION SUPERVISOR

1. The manager/supervisor is responsible for ensuring adherence to this SOP.

2. The manager/supervisor will ensure that this SOP is reviewed on an annual basis.

3. The manager/supervisor will ensure that the Quality Assurance Officer is notified
when revisions to the SOP are required.

C. ANALYST

1. The analyst is responsible for following all procedures set form in this document.
The analyst will report any deviations to the procedures set forth in this
document.

2. The analyst is responsible for reviewing the SOP on an annual basis and reporting
any required revisions to the department manager or supervisor.

IV. REVIEWS/REVISIONS

A. This SOP will be reviewed on an annual basis at a minimum.

B. At the time of review, any required revisions will be incorporated and the superseded
document replaced.
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V. DISTRIBUTION

A. Distribution of this SOP will be determined by the Quality Assurance Officer.

B. Distribution records will be maintained by the Quality Assurance Officer.

VI. PROCEDURE

A. DEFINITIONS
•

1. Absolute canister pressure = Pg + Pa, where Pg = gauge pressure in the
canister (kPa, psig) and Pa * barometric pressure.

2. Absolute pressure - Pressure measured with reference to absolute zero as opposed
^~-" to atmospheric pressure, usually expressed as kPa, mm Hg or psia.

3. . Cryogen - A refrigerant used to obtain very low temperatures in the gas
chromatographic oven. A typical cryogen is liquid nitrogen (bp - 195.8°C).

4. Dynamic calibration - Calibration of an analytical system using calibration gas
standard concentrations in a form identical or very similar to the samples to be
analyzed and by introducing such standards into the inlet of the sampling or
analytical system in a manner very similar to the normal sampling or analytical
process.

5. Gauge pressure - Pressure measured above ambient atmospheric pressure as
opposed to absolute pressure. Zero gauge pressure is equal to ambient
atmospheric (barometric) pressure.

6. MS-SCAN - The GC is coupled to a MS programmed in the SCAN mode to scan
all ions repeatedly during the GC run. As used in the current context, this
procedure serves a qualitative identification and characterization of the sample.

7. Megabore(TM) column - Chromatographic column having an internal diameter
(I.D.) greater than 0.50 mm. The Megabore(TM) column is a trademark of the
J&W Scientific Co. For purposes of this SOP, Megabore(TM) refers to

"-^ chromatographic columns with 0.53 mm I.D.
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8. Qualitative accuracy - The ability of an analytical system to correctly identify
compounds.

9. Quantitative accuracy - The ability of an analytical system to correctly, measure
the concentration of an identified compound.

B. MATERIALS, SUPPLIES, AND EQUIPMENT NEEDED

1. Standard preparation materials.

a. 10, 25, SO, 100, 250, 500; and 1000 uL gas tight syringes (Hamilton).

b. Supelco custom standard mixes in methanol at 20 mg/mL and Chem Serv
individual neat standards or equivalent.

c. Burdick and Jackson purge and trap grade methanol.

d. Various sizes of class A glass volumetric flasks.

e. SUMMA(TM) passivated canisters, six liter capacity and 40 spig
maximum pressure.

f. Zero grade air high pressure cylinder.

g. 0-1 SLPM electronic mass flow controller with controller.

h. 25 mL sparge vessel for humidification purposes.

i. Laboratory designed flash evaporator consisting of a 1/4" x 10" stainless
steel SUMMA(TM) passivated tubing wrapped with heat wrap. One end
is fitted with a Swagelock(TM) tee for a zero grade inlet and septum cap.
The other end fits directly onto the canister.

j. Heat controller capable of heating and maintaining a temperature of
180°C.

k. Electronic flow meter to aid in setting the zero grade air flow at 1000
mL/min.
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2. Analytical instrumentation.

a. Hewlett Packard 5890 Series n gas chromatograph with make up gas for
an SGE glass jet separator.

b. J & W Scientific DB-624 30m x 0.53mm Megabore(TM) column.

c. Chromatographic grade high pressure helium cylinder for column carrier
gas.

d. Hewlett Packard 5971A mass selective detector with UNIX/Target
operating system.

e. Liquid nitrogen dewar for subambient GC oven cooling.

3. Sample concentration.

a. Laboratory designed gas loop sample concentrator equipped with a 10 port
Valco(TM) valve in a heated zone which can be equipped with two sample
loops - one for internal standard addition and one for sample
concentration. Heated transfer lines connecting the concentrator to the
sample oven and gas chromatograph. A manual switch to turn the valve
from the sample collection to sample desorb. A stainless steel pump is
used to draw the air sample through the sample gas loop. All sampling
handling lines are of Chromatographic grade stainless steel.

b. Sample gas loops: 0.010, 0.050,0.100, 0.250,0.500, 1.0, 2.0, 5.0, and
10 cc sizes.

c. Despatch LDB Series oven for heating sample and standard canisters with
capacity for two 6 L canisters.

C. STANDARD CANISTER PREPARATION USING FLASH EVAPORATION

Standard preparation is accomplished by injecting an aliquot of liquid standard, usually
in methanol, into a heated zone which is swept with humidified zero grade air. A 1/4"
x 10" piece of SUMMAfTM) passivated tubing is wrapped with heat tape and fitted with
Swagelock(TM) fittings. One end is equipped with a tee for a capped septum through
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which the liquid standard is added, and the other end attaches directly to an evacuated
6 L SUMMA(TM) canister. Using a controller, the flash evaporator is heated to 180°C
and maintained at this temperature for the duration. An electronic mass flow controller
(0-1 SLPM) regulates the flow of air through the evaporator and is placed in line before
the 25 mL sparge vessel containing UV treated water for humidification. Based on the
air flow rate, usually 1000 mL/min, a final canister volume and concentration is attained.
The units of concentration in the final standard canister are ppmv or mg/m3.

For example, if 5.0 uL of a neat solution of 1,2-dichloroethane is added to a
canister containing 15 L of air, the final concentration is 100 ppmv.

Final standard canister concentration corrects for the molar gas volume and percent
humidity. A spreadsheet is used to aid in standard preparation amounts to be flash
evaporated (see Table 2 for an example of this spreadsheet). All standard preparation
is recorded in a standard preparation log book and assigned a standard number.

D. INSTRUMENT OPERATING CONDITIONS

1. Gas chromatograph temperature program: "

Initial temp: -50°C for 0.25 min.
Ramp A: 12°C/min to 80°C
Ramp B: 8°C/min to 150°C
Ramp C: 30°C/min to 200°C, hold 2 min.
Total run time: 24.50 min.
Carrier flow: 10 mL/min helium
Make up gas: 20 mL/min helium

2. Mass spectrometer parameters:

Electron volts: 70 nominal
Scan range: 35 to 300 amu
Scan time: To give at least 5 scans per peak, not to exceed 1

second per scan.
Jet separator temp: 200°C
Interface temp: 250°C
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3. The GC/MS system must be set up to meet manufacturer's specification. The
mass calibration and resolution of the GC/MS system are verified by the analysis
of the instrument performance check standard p-bromofluorobenzene (BFB). A
BFB standard canister is prepared as in Section VI.C at 100 mg/m3 which results
in a final on column amount of SO ng of BFB when a 0.500 cc loop is used. The
mass spectrum of BFB must be acquired in the following manner. Three scans,
the peak apex, and the scans immediately preceding and following the apex, are
acquired and averaged. Background subtraction is required, and must be
accomplished using a single scan prior to the elution of BFB. The instrument
performance check (BFB) must meet the ion abundance criteria given in Table 3.
The BFB 50 ng tune must be analyzed every 12 hours during sample or standard
analyses.

4. Gas loop sample concentrator temperatures.

Sample oven: 150°C
Sample transfer line: 175 °C
Gas loop oven and valve: 150°C .
Instrument transfer line: 175°C

a. Sample loop sizes will vary from
0.010 cc to 10 cc depending on sample
concentration range.

b. Internal standard loop size will be 0.500 cc.

5. All sample and internal standard lines are chromatographic grade stainless steel
and are heated.

E. INTERNAL STANDARD CALIBRATION PROCEDURE

1. Prepare calibration standards at a minimum of three levels as described in Section
VI.C for the target compound list. Standard canisters may be stored up to thirty
days.

2. Prepare an internal standard canister containing fluorobenzene and p-
bromofluorobenzene (BFB) at a concentration equivalent to the midpoint of the
calibration. (Note: If interferences exist with the two internal standards listed,
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alternate compounds may be used which are similar to the target compounds.)

3. Once it has been demonstrated that the GC/MS system meets BFB tune criteria,
analyze each calibration standard canister along with the internal standard as
described in Section VI.F.

4. Tabulate the area response of the primary ion (Table 4) and the corresponding
concentration for each compound and internal standard. Calculate the relative
response factors (RRF) for each compound using the following equation:

RRF - (Ax/Ais)/(Cis/Cx)

where,

RRF = relative response factor,
Ax = area of the primary ion for the compound to be measured,
Ais = area of the primary ion for the internal standard,

. Cis = concentration of the internal standard (ppmv),
Cx = concentration of the compound to be measured (ppmv).

The RRF for each compound is calculated using the specific internal standard
associated with the compound of interest (see Table 5).

5. The average RRF is calculated for each compound in the calibration , and the %
Relative Standard Deviation (% RSD) is calculated based on the RRF values over
the working range of the initial calibration curve. The % RSD must be equal to
or less than 30% for each compound. Up to 10% of the targets in the compound
list can exceed this 30% RSD criteria, however, no compound can exceed 40%
RSD. If a compound exceeds 40% RSD, corrective action must be taken such
as reanalyzing a standard or preparing a new standard canister.

6. A calibration check standard must be analyzed every 12 hours during sample
analysis to check the initial calibration curve. The midlevel standard is analyzed
after the GC/MS system meets BFB tune criteria, and the RRF value is calculated
for each compound. The % difference of the check standard compared to the
average RRF from the initial calibration curve is calculated where,
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%D = [(RRFi - RRFc) (100)]/(RRFi)

where,

RRFi = average RRF from initial curve
RRFc = RRF for compound from check standard

The %D must be within 30% to proceed. Again, 10% of the targets can exceed
criteria but must be less than 40% D. If criteria are not met, action must be
taken such as reanalysis of the standard or an initial calibration.

7. Internal standard responses and retention times must be evaluated during or
immediately after data acquisition. If the retention time for any internal standard
shifts by more than 0.5 minutes from the latest calibration check, the system must
be inspected for malfunctions and appropriate corrections made. The selected ion
current profile (SICP) of each internal standard is monitored.

I If the SICP area changes by more than 50% from the latest calibration check, the
• system must be inspected and changes made if necessary.

8. If time remains in the 12 hour period after calibration, a calibration check does
not need to be analyzed. However, a method blank of humidified zero grade
must be analyzed and compliant before samples can be analyzed. A method blank
is compliant if no target analytes are found above the MDL. Quantitation is done
using die standard which is equivalent to the level of the continuing calibration
standard.

9. For each 12 hour period, a system performance check (BFB), continuing
calibration, and method blank must meet criteria before any sample analysis can
begin.

F. SAMPLE ANALYSIS

1. Upon receipt of the sample canister in the analytical lab, the canister pressure
(psig) is recorded on the sample tag and in the instrument run log. Any
discrepancies are noted concerning sample canister condition. If a canister is
received with a vacuum greater than 5" Hg, zero grade is added to the canister
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to a final pressure of 2-5 psig. A dilution factor will be applied to the analytical
results for any sample canisters requiring pressurization as follows:

Dilution factor (DF) = Ya/Xa

where,

Xa = Canister pressure absolute before dilution, and
Ya = Canister pressure absolute after dilution.

(Xa and Ya must be in the same units.)

2. The sample canister is placed in an oven at 130°C and allowed to equilibrate for
30 minutes. Two canisters fit in the oven at one time allowing for equilibrium.
A heated 1/8" stainless steel sample transfer line is connected to the canister
inside the sample oven.

3. Internal standard is added to the internal standard loop through a different port
of the valve than the sample in the collection mode. The internal standard
canister is kept at positive pressure to facilitate transfer.

4. Once the GC reaches the ready status, the sample pump is turned on followed by
opening the sample canister Nupro (TM) valve. The internal standard canister
is also opened.

Note: It is important to first turn the sample pump on before opening the sample
canister to eliminate any backflow into the canister. The valve is left in the
collection or vent mode for 30 seconds to allow the loops to reach equilibrium.
A 0.010 cc loop in-line before the valve is used for both the internal standard and
sample lines to maintain constant pressure in the gas loops due to the very small
inside diameter of the 0.010 cc loop.

5. After 30 seconds, the valve is manually turned to the inject mode and the remote
GC/MS start button is engaged. Column carrier flow sweeps the contents of both
loops onto the column for separation followed MS detection. Both canisters are
then closed, and the sample canister is disconnected from the transfer line. The
sample pump is left on to sweep the transfer line between runs.
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6. If the on-column concentration of any compound exceeds the upper calibration,
a dilution must be performed to bring the concentration within the calibration
range. Dilutions are performed simply by reducing the amount of sample being
loaded on the column. This is done by using a smaller gas loop volume. For
example, if die sample was analyzed using a 10 cc loop and a 1:100 dilution was
required, the 10 cc loop would be replaced with a 0.100 cc gas loop and the
sample would be analyzed. Any results obtained from the 1:100 dilution would
be multiplied by 100 as would the method detection limit (MDL).

G. QUALITATIVE ANALYSIS

1. The compounds listed in Table 1 are identified by an analyst competent in the
interpretation of mass spectra. Sample mass spectrum are compared to the mass
spectrum of a standard of the suspected compound. Two criteria must be
satisfied to verify the target compound identifications: (1) elution of the sample
component at the same GC retention time as the standard component, and (2)
correspondence of the sample component and standard component mass spectra.

2. Relative retention time (RRT) of the sample component must agree within +/-
0.06 RRT units of the RRT of the standard component using the continuing check
standard as reference.

3. Standard and sample mass spectra are compared using reference spectra obtained
on the GC/MS system being used. The mass spectra used for comparison are
from the same standard as that being used for RRT comparison. Mass spectral
requirements are as follows:

a. All ions present in the standard mass spectra at a relative intensity greater
than 10% (most abundant ion in the spectrum equals 100%) must be
present in the sample spectrum.

b. The relative intensities of ions specified in 3a. above must agree within
+/- 20% between the standard and sample spectra.

c. Ions greater than 10% in the sample spectrum but not present in the
standard spectrum must be considered and accounted for by the analyst
making the comparison. The verification process should favor false
positive.
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4. Non-target sample components shall be library searched using the latest NIST
library for the purpose of tentative identification. These components are referred
to as TICs (Tentatively Identified Compounds) and will be noted as such in any
final report with a qualifier of "N". Guidelines for identification are as follows:

a. Characteristic ions in the reference spectrum (ions greater than 10% of the
most abundant ion) should be present in the sample.

b. The relative intensities of the major ions should agree within +/- 20%.

c.

peaks.

—— if ^7

Ions present in (he sample spectrum but not in the reference spectrum
should be reviewed for background contamination or presence of coeluting
neaks.

d. If in the technical judgement of the analyst, no valid identification can be
made, the compound will be reported as an unknown with possible
classification such as hydrocarbon.

H. QUANTITATIVE ANALYSIS

1. Identified target analytes shall be quantitated using the internal standard method
using the SICP area of the characteristic ions of analytes listed in Table 5.

2. The RRF from the continuing calibration standard analysis is used to quantitate
samples and blanks. Calculate the concentration of the sample component using
the following equation:

Xa = [(Ax) (Is)(DF)]/[(Ais)(RRF)]

where,

Xa = Target compound air concentration, ppmv,
Ax = Area of the characteristic ion for the compound to be

measured,
Ais = Area of the characteristic ion for the specific internal

standard,
Is = Amount of internal standard present in ppmv,
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RRF = Relative response factor from the analysis of the continuing
check standard,

DF = Dilution factor calculated as described in Section VI.F.I.
If no dilution is performed, DF equals 1.

3. The internal standard method of quantitation is also used to determine an
estimated concentration for TICs. If the nearest internal standard exhibits
interferences, the next closest internal is used. Estimated concentration is
obtained using the equation in Section VI.H.2. above with the following
exceptions:

Ax = Total ion chromatogram area of the TIC,
Ais = Total ion chromatogram area of the specific internal

standard,

and the RRF is assumed to be 1.0.

Estimated TIC concentrations will be flagged with a qualifier of "J".

VH. QUALITY CONTROL

A. Three performance criteria are used to demonstrate method validity which are as follows:
(1) method detection limit (MDL), (2) replicate precision, and (3) second vendor standard
source.

1. MDL is determined following the guidelines set forth in 40CFR136 Appendix B.
Seven standard replicates are analyzed at a concentration five times the expected
detection limit. The standard deviation is calculated for the seven replicates and
this value is multiplied times the Student's t value for 99% confidence.
Instrument detection limits are listed in Table 1 based on a 10 cc gas loop.

2. Replicate precision is based upon the relative difference between replicate
measurements of the same sample expressed as a percentage,
i.e. [(Measurement #1 - Measurement #2)xlOO%]/Average of 2 measurements
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Replicate calibration standards at 5 five times the expected MDL should be used.
A goal of 25% for each compound is based on the EPA CLP SOW No. XXX -
Ambient Air February 1991. Table 6 lists replicate precision data.

3. A standard canister is prepared at the midpoint of the calibration using a second
vendor source and analyzed to determine accuracy. Agreement within +/- 30%
is acceptable where:

Accuracy % =* (Spiked value - observed value) X 100
Spiked value

B. Duplicate sample analysis is performed once per 20 samples.
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TABLE 1

TARGET COMPOUND LIST

Compound CASRN MDL, ppmv Expected
Retention Time

(min.)

1 DICHLORODIFLUOROMETHANE
2 CHLOROMETHANE
3FREON114
4 VINYL CHLORIDE

BROMOMETHANE
^VCHLOROETHANE

7 TRICHLOROFLUOROMETHANE
8 1,1-DICHLOROETHENE
9 TRICHLOROTRIFLUOROETHANE
10 METHYLENE CHLORIDE
11 1,1-DICHLOROETHANE
12 cis-l,2-DICHLOROETHENE
13 CHLOROFORM
14 1,1,1-TRICHLOROETHANE
15 CARBON TETRACHLORIDE
1 6 cis- 1 ,3-DICHLOROPROPENE
17 BENZENE
18 1,2-DICHLOROETHANE
19 TRICHLOROETHENE
20 1,2-DICHLOROPROPANE
21 TOLUENE
22 trans-l,3-DICHLOROPROPENE
23 1,1,2-TRICHLOROETHANE
24 TETRACHLOROETHENE
25 1,2-DffiROMOETHANE
26 CHLOROBENZENE
"" ETHYL BENZENE

\4 m,p-XYLENE

75-71-8
74-87-3

1300-37-2
75-01-4
74-83-9
75-00-3
75-35-4
76-13-1

- 76-13-1
75-0902
75-34-5

156-59-2
67-66-3
71-55-6
56-23-5

10061-01-5
71-43-2

107-06-2
79-01-6
78-87-5

108-88-3
10061-02-6

79-06-5
127-18-4
106-93-4
108-90-7
100-41-4

1330-20-7

0.871
1.400
1.400
1.741
2.475
2.816
4.113
4.319
4.319
4.865
5.599
6.196
6.572
6.589
6.743
6.760
6.931
7.000
7.580
7.751
8.776
9.083
9.083
9.220
9.579

10.108
10.296
10.416
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TABLE 1

TARGET COMPOUND LIST (continued)

Compound CASRN MDL, ppmv Expected
Retention Time

(min.)

31 1,3,5-TRIMETHYLBENZENE
32 1,1,2,2-TETRACHLOROETHANE
33 1,2,4-TRIMETHYLBENZENE
34 1,3-DICHLOROBENZENE
35 1,4-DICHLOROBENZENE
36 BENZYL CHLORIDE
37 1,2-DICHLOROBENZENE
38 1,2,4-TRICHLOROBENZENE
39 HEXACHLOROBUTADffiNE

108-42-5
79-43-5
95-63-6

541-73-1
106-46-7
100-44-7
95-50-1

120--82-1
87-68-3

11.219
11.612
11.920
12.587
12.707
12.929
13.151
15.508
15.901
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TABLE 2

STD SPREADSHEET

VOCCS Gas Standard Preparation Worksheet

Dry volume ol zero air added 10 canister:
Re'e-ence temp ol mass llow controller (f): 70

Dilulion solvent density 0 7913
Diljtionto.'vent mole wr 32 04

Tola! volume ol lolulion added: 2

Gas Moisture Content Specifications
Compound
No. From

Table
0

Compound Name

Water. High Punty

Molecular
Weight
18.015

Liquid
Density

gml
C 99S2

Desired
Moisture
V W

Water
Required
Ml<llq.)

Actual
Water
Hi (Uq.)

200

True
Uoteture
V»v

1 32

VOC Standards Specifications for Stock Solutions

Compound
No. From

Table
1
2
3
4

s
6
7
8
t
10
11
12
13
14

15
16
17
16
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Compound Name
(veriliy)

Benzene ' '
Benzyl Chloride • '
Bromo methane
Carbon Telrachionde • •
Chlorobenune ' '
Ctiloroelriane
Oitorolorm ' •
Chtoromethane
1 ,2-Oibromoelnarw '
m-Dicnlorobenzene • •
c-DichloroDenzene • •
p-Dtchlorooenzena ' '
>cnk)rodi1luorometnane •
1.1-Oichloroelhane'
1.2-Oidiloroetrtan«>
1.1-Otctilaroetnene
ca-1.2-Dichloroethylene '
1 .2-Dchloropropane '
ca-1.3-Dchloropropene • •
irant-1 ,3-Dichloropropene > '
1 ,2-Dichloro-l .1 .2.2Hetra1luoroetnane
Ethytwnzene • >
Hexachloro-l.S-butattene >
Melhylene Chloride '
Styrtne"
1.1.2^-Telrachloroetriane '
Tetrachloroelhylen* ' '
Toluene ' '
1.2.4.Tnchloroben2ene ' •
1.1.1-Trcnioroethane'
1 . 1 .2-Trcnioroeman* ' '
Trchioroethene
Trchlorcf:jorome^aie '
l.l^-Trchloro-l^^-I^Iuoroelria.ie •
1.2.4-Tnmethylbenzene '
1.3.5-Tnmethyloeraene '
Vinyl Chloride • *
m-Xylene"
o-Xyi»ne • •
p-Xylene ' «

Molecular
Weight
76.11
126M
94.85
153.84
112.56
6452
118.39
SO 49
18788
147.01
147.01
147.01
120.92
98.97
98.96
96.95
96.95
112.99
110.98
110.98
170.93
106.16
26076
MM
104.14
167.86
165.65
9213
181.46
13342
13342
131.4
137.38
167.38
120.19
120.19
62.5

106.16
106 :6
106 -f

Stock
Solution
Concen.
ugml

200000
200000
20000.0
20000.0
20000.0
200000
20000 C
233000
2000CO
200000
20000.0
20000.0
2OOOO.O
290000
200000
20000.0
200000
200000
200000
23OOO.O
20000.0
20000.0
20000.0
200000
200000
200000
200000
200000
200000
20S300
23DOO C
23C:CC
23030 C
20OC3 C
Z:DCOO
233CO 0
200000
23:300
2:::; c
?:::o:

Desired
Cone.

PPHv.v

Volume
Solution
Required

Ml

Actual
Volume
Solution

^
50.0
500
50.0
500
500
500
50.0
50.0
50.0
50.0
500
50.0
500
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
500
50.0
50.0
50.0
50.0
50.0
500
50.0
500
500
50.0
50.0
500
500
500
500
500
500

True
Cone, ol
Standard
PPM.W
15.243
9.406
12539
7.739

10.578
18453
9.972
23581
6.337
8099
8099
8.099
984G
12.030
1Z031
12.281
12.261
1C 537
1C. 726
10.728
6965
11.215
4566
14017
11433
7.093
7179
12923
6.561
8924
C924
9061
666?
6354
9936
9936
19.C5C
11 2-5
1 1 2 - 5
1 1 2 - 5
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TABLE 3

REQUIRED BFB KEY IONS AND ION ABUNDANCE CRITERIA

Mass Ion Abundance Criteria

50 8.0 - 40.0 percent of mass 95
75 30.0 - 66.0 percent of mass 95
95 base peak, 100 percent relative abundance
96 5.0-9.0 percent of mass 95 (See note)
173 less than 2.0 percent of mass 174
174 50.0 - 120.0 percent of mass 95
175 4.0 - 9.0 percent of mass 174
176 93.0 - 101.0 percent of mass 174
177 5.0 - 9.0 percent of mass 176

Note: All ion abundances must be normalized to m/z 95, the nominal base peak, even though the ion abundance
of m/z 174 may be up to 120 percent that of m/z 95.
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TABLE 4

CHARACTERISTIC IONS FOR TARGET COMPOUNDS

Parameter Primary Ion* Secondary Ion(s)

Vinyl chloride
Trichloroethene
Chloroform
Benzene
Carbon tetrachloride
Tetrachloroethene

'-dichloroethene
v,2-dichloroethane
Chlorobenzene
1,1,1 -trichloroethane
1 , 1 ,2-trichloroethane
1 , 1 ,2 ,2-tetrachloroethane
Ethyl benzene
Methylene chloride
1 ,2,4-trichlorobenzene
Styrene
1,1-dichloroethane
Toluene
Xylenes, o-, m-, and p-
1 ,2-dichloropropane
1 ,2-dichlorobenzene
1 ,2-dibromoethane
Chloroethane
Benzyl chloride
cis-1 ,3-dichloropropene

62
130
83
78
117
164
61
62

112
97
97
83
91
49
180
104
63
91
91
63
146
107
64
91
75

27,64
132, 95
85,47
77,50
119
129, 131, 166
96,63
27,64
77, 114
99, 61
83, 61
85
106
84, 86
182, 184
78, 103
27,65
92
106
41,62
148, 111
109,27
29,27
126
39,77

The primary ion should be used unless interferences are present, in
which case a secondary ion may be used.
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TABLE 4 (continued)

CHARACTERISTIC IONS FOR TARGET COMPOUNDS

Parameter Primary Ion* Secondary Ion(s)

trans- 1 ,2-dichloroethene
1 ,4-dichlorobenzene
Hexachlorobutadiene
Bromomethane
trans- 1 ,3-dichloropropene
Dichlorodifluoromethane
Chloromethane
cis-1 ,2-dichloroethene
1 ,3-dichlorobenzene
1 , 1 ,2-trichloro-l ,2,2-trifluoroethane
Trichlorofluoromethane
1 ,2-dichloro-l , 1 ,2,2-tetrafluoroethane
1 ,3,5-trimethylbenzene
1 ,2,4-trimethylbenzene

61
146
225
94
75
85
50
61
146
151
101
85

105
105

96,98
148, 111
227, 223
96
39,77
87
52
96, 98 v-
148, 111
101, 103
103
135, 87
120
120

The primary ion should be used unless interferences are present, in
which case a secondary ion may be used.
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TABLE 5

INTERNAL STANDARDS AND ASSOCIATED COMPOUNDS

Fluorobenzene (IS #1) Bromofluorobenzene (IS #2)

Dichlorodifluoromethane 1,1,2-Trichloroethane
Chloromethane Tetrachloroethene
Freon 114 r 1,2-Dibromoethane
Vinyl chloide Chlorobenzene
Bromomethane Ethyl benzene
Chloroethane m,p-Xylene
"" 'chlorofluoromethane o-Xylene
v, i -Dichloroethene Styrene
TricWorotrifluoroethane 1,3,5-Trimethylbenzene
Methylene chloride 1,1 j2,2-Tetrachloroethane
1,1-Dichloroethane 1,2,4-Trimethylbenzene
cis-1,2-Dichloroethene 1,3-iDichlorobenzene
Chloroform 1,4-Dichlorobenzene
1,1,1-Trichloroethane Benzyl chloride
Carbon tetrachloride 1,2-Dichlorobenzene
cis-1,3-Dichloropropene 1,2,4-Trichlorobenzene
Benzene Hexachlorobutadiene
1,2-Dichloroethane
Trichloroethene
1,2-Dichloropropane
Toluene
trans-1,3-Dichloropropene
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TABLE 6

REPLICATE PRECISION
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